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Abstract 
In the United States, foodborne outbreaks of Escherichia coli O157:H7 
illness have often been linked to the consumption of contaminated, undercooked 
ground beef. However, the occurrence of E. coli O157:H7 in other animals has 
also been reported. The objective of this study was to determine the occurrence 
of E. coli O157:H7 in cattle, swine, poultry, and farm environments. 
Environmental samples (n=576) and fecal swab samples (n=1686) from sixteen 
locations in the U.S. were collected over 22 months. Overall, in fecal swabs E.
coli O157:H7 was positive (serologically confirmed) in 4.7% of beef cattle (n = 
408), 3.9% of dairy cattle (n=408), 8.9% of swine (n=426), 7.5% of turkey 
(n=120) and <1% of chickens (n= 324). 
E. coli O157:H7 was isolated infrequently from environmental samples
(<3%), except for swine environmental samples (9%). No trends could be 
established for poultry. E. coli O157:H7 was isolated from feed samples (up to 3 
samples) from the states of Tennessee and Washington. Since E. coli O157:H7 
was seldom isolated from feeds or bedding, sampling for E. coli 0157 at the farm 
should focus on the feces or fecal swabs for optimal recovery. The occurrence of 
E. coli 0157 in swine and turkey was surprisingly high which indicates that swine
and turkey may serve as vectors for food-borne outbreaks of E.coli 0157. 
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Preface 
The purpose of this study was to determine the occurrence of E. coli 
O157:H7 in beef cattle, dairy cattle, swine, chicken, turkey, and the environment 
of the farms, and to compare isolation of E. coli O157:H7 based on geographic 
location, type of sample, season, and animal species. The study went from 
August 2002 to May 2004. The states included in this study were Alabama, 
California, North Carolina, Tennessee, and Washington. The types of farms 
(n=16) involved in this study were beef cattle (n=4), dairy cattle (n=4), swine 
(n=4), chicken (n=3), and turkey (n=1 ). The samples analyzed were a variety of 
feeds, soil, animal bedding, feces, and rectal swabs. 
V 
Table of Contents 
SECTION PAGE 
Part I: Literature Review ............................................................. 1 
References ........................................................................ 20 
Part II: Occurrence of Escherichia coli 0157:H7 in Diverse Farm 
Environments in Five States ...................................................... 24 
Abstract ............................................................................. 25 
Introduction ........................................................................ 26 
Material and Methods ........................................................... 27 
Results and Discussion ......................................................... 42 
Conclusion ......................................................................... 64 
References ........................................................................ 65 
Part Ill: Comparison of E. coli 0157:H7 isolates from Diverse Farm 
Environments in Five States based on ribosomal DNA and 
chromosomal DNA patterns ....................................................... 68 
Abstract .............................................................................. 69 
Introduction ........................................................................ 70 
Material and Methods ........................................................... 72 
Results and Discussion ......................................................... 76 
Conclusion ......................................................................... 88 
References ......................................................................... 89 
Appendix ................................................................................. 91 
Vita ....................................................................................... 104 
vi 
List of Tables 
SECTION 
Part I: Literature Review 
Table 1.1: Percent positives of E coli 0157 and sample 
numbers from other research studies involving cattle, 
PAGE 
swine, chicken, and turkey ................................................ 16 
Table 2.1: Percent positives of E coli 0157 and sample 
numbers from other research studies involving horses, 
sheep, goats, dogs, and cats .............................................. 17 
Table 3.1: Percent positives of E coli 0157 and sample 
numbers from other research studies involving deer,. 
birds, insects, rodents, and feed ......................................... 17 
Part II: Occurrence of Escherichia coli 0157:H7 in Diverse Farm 
Environments in Five States 
Table 1.1: Enrichment and plating methodology for samples ... 29 
Table 2.1: Occurrence of E. coli 0157:H7 from beef cattle 
(rectal swab) and environmental samples by states ................. 43 
Table 2.2: Aerobic Plate Counts (APC), Total Coliform, 
Total E. coli, and Fecal Streptococcus (KF enterococcal) 
Counts of E coli 0157:H7 positive beef samples .................... 45 
Table 3.1: Occurrence of E. coli 0157:H7 from dairy cattle 
(rectal swab) and environmental samples by states ................. 47 
Table 3.2: Aerobic Plate Counts (APC), Total Coliform, 
Total E. coli, and Fecal Streptococcus (KF enterococcal) 
Counts for E coli 0157:H7 positive dairy samples ................. 49 
Table 4.1: Occurrence of E. coli 0157:H7 from swine 
(rectal swab) and environmental samples by states ................ 52 
vii 
Table 4.2: Aerobic Plate Counts (APC), Total Coliform, 
Total E. coli, and Fecal Streptococcus (KF enterococcal) 
Counts for E.coli O157:H? positive swine samples .................. 55
Table 5.1: Occurrence of E.coli O157:H? from poultry 
(rectal swab) and environmental samples by states .................. 59 
Table 5.2: Aerobic Plate Counts (APC), Total Coliform, 
Total E. coli, and Fecal Streptococcus (KF enterococcal) 
Counts for E. coli O157:H? positive poultry samples .................. 61
Part Ill: Comparison of E. coli O157:H7 isolates from Diverse Farm 
Environments in Five States based on ribosomal DNA and 
chromosomal DNA patterns 
Table 1.1: Summary of E. coli O157:H? isolate ribotype 
and PFGE group data ......................................................... 84 
Appendix: 
viii 
Table 1.1: Occurrence of E. coliO157:H7 from animal 
(swab) and environmental samples by farms from 
Tennessee ........................................................................ 99 
Table 2.1: Occurrence of E.coli O157:H? from animal 
(swab) and environmental samples by farms from Alabama ........ 100
Table 3.1: Occurrence of E. coli O157:H? from animal 
(swab) and environmental samples by farms from North 
Carolina ........................................................................... 101
Table 4.1: Occurrence of E. coli O157:H? from animal 
(swab) and environmental samples by farms from California ....... 102
Table 5.1: Occurrence of E. coli O157:H? from animal 
(swab) and environmental samples by farms from Washington .... 103
List of Figures 
SECTION 
Part I: LITERATURE REVIEW 
Part II: Occurrence of Escherichia coli O157:H7 in Diverse Farm 
Environments in Five States 
Figure 1: Seasonality and occurrence of E. coli O157:H7 in 
PAGE 
rectal swabs (n=408) and bedding (n=48) from beef cattle ....... 46 
Figure 2: Seasonality and occurrence of E. coli O157:H7 in 
rectal swabs (n=408), feed (n=48), and bedding (n=48) from 
dairy cattle ...................................................................... 50 
Figure 3: Seasonality and occurrence of E. coli O157:H7 in 
rectal swabs (n=426) from swine ......................................... 57 
Figure 4: Seasonality and occurrence of E. coli O157:H7 in 
environmental fecal samples (n=48) from swine ..................... 57 
Figure 5: Seasonality and occurrence of E. coli O157:H7 in 
rectal swabs (n=444) and feed (n=48), and from poultry ............ 62 
Part Ill: Comparison of E. coli O157:H7 isolates from Diverse Farm. 
Environments in Five States based on ribosomal DNA and chromosomal 
DNA patterns 
Figure 1: Analysis of 88 E. coli O157:H7 isolates by ribotyping 
using restriction enzyme EcoR 1. Correlation: Bands, Dice 
(Tolerance 1.0%, Opt 0.0%, Min Area 0.0%). Clustering: 
UPGMA ......................................................................... 77 
Figure 2: Analysis of 88 E. coli O157:H7 isolates by 
PFGE using restriction enzyme Xba1. Correlation: Bands, Dice 
(Tolerance 1.0%, Opt 0.0%, Min Area 0.0%). Clustering: 






















Bacteriological Analytical Manual 
Brain heart infusion broth 
Cefixime-Tellurite sorbital macconkey agar 
EHEC enrichment broth 
Enterohemmorrhagic Escherichia coli 
Geographic Information Systems 
Global Positioning Systems 
Hemorrhagic Colitis 
MacConkey Agar 
Escherichia coli Broth, modified, with Novobiocin (mEC+N) 
Tryptic Soy Broth, modified, with Novobiocin (mTSB+N) 
National Animal Health Monitoring System 
Polymerase chain reaction 
Pulsed-field gel electrophoresis 
Tryptic soy agar 
Tryptic soy broth 
United States Department of Agriculture 
Vero-toxigenic 




Since 1982, Escherichia coli O157:H7 has been recognized by the 
Centers for Disease Control and Prevention (CDC) as an emerging food-borne 
pathogen (Armstrong et al. 1996). E. coli O157:H7 has been estimated to cause 
annually 20,000 cases of disease and 250 fatalities in the United States 
(Armstrong et al. 1996). An outbreak in 1997 of E. coli 0157 resulted in the 
recall of over a million pounds of ground beef (Garber et al. 1999). Growing 
anxiety about food safety has increased the desire amongst the public to 
decrease the level of food borne pathogens along the entire food supply from 
farm to the consumers table (Garber et al. 1999). 
E. coli is a bacterium that lives in the digestive tract of humans and warm­
blooded animals (Janda and Abbott 1998). This species of bacteria allows 
benefit to the host by intestinal nutrition by producing beneficial vitamins and 
defending against other pathogens that invade the body to cause disease (Labbe 
and Garcia 2001 ). New types of biotypes and serotypes of E. coli micro flora are 
constantly arising (Janda and Abbott 1998). Most E. coli are considered 
harmless however there are still pathogenic E. coli that cause diarrheal disease 
in humans (Labbe and Garcia 2001 ). The six virotypes of pathogenic E. coli are 
enteropathogenic (EPEC), enterotoxigenic (ETEC), enterohemmorrhagic 
(EHEC), enteroinvasive (EIEC), enteroaggregative (EAEC) and diffusely 
adherent (DAEC) (Labbe and Garcia 2001 ). 
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E. coli O157:H7 is in the EHEC group and causes gastrointestinal
infection in humans (Labbe and Garcia 2001 ). The EHEC virotype causes 
symptoms of diarrhea followed by bloody diarrhea and intense abdominal pain 
(Labbe and Garcia 2001 ). 
Serology of E. coli 0157:H7 
E. coli O 157: H7 is one serotype of the E. coli species (Labbe and Garcia
2001 ). The letters following the genus and species relate to antigens found in 
the cell membrane of the bacterium, which are "O" the somatic antigen and "H" 
the flagellar antigen (Bettelheim and Thomas 2003). The somatic "O" antigens 
are involved in the immunogenicity of the bacteria and have lipopolysaccharides 
components (Bettelheim and Thomas 2003). The "157" in the 0157 scheme 
represents the 15?1h E. coli found with a different somatic "O" antigen (Bettelheim 
and Thomas 2003). The flagellar "H" antigen are classified by complexity of the 
flagellar structure (Bettelheim and Thomas 2003). The "H7'' signifies seven 
structures on the flagellar. All motile E. coli have some type of "H" antigen 
(Bettelheim and Thomas 2003). However, some E. coli exist which have no 
flagella and are designated as "H-" (Bettelheim and Thomas 2003). E. coli is the 
most diverse genus and species of bacteria with over 157 "O antigens" and 
diverse H antigens. Strains of E. coli 0157 that are non-motile may be E. coli
O157:H7 just the strain's flagella may have become lost or damaged (Armstrong 
et al. 1996 and Griffin 1995). In addition to O157:H7, there are a number of other 
serotypes associated with EHEC including O26:H11, O26:H21, O26:H32, 
O55:H7, 0111 :H2, and 0111 :HB (Bettelheim and Thomas 2003). 
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Shiga Toxins 
E. coli O157:H7 represents 1 of 200 serotypes that have the ability to
create a Shiga-like toxin (Labbe and Garcia 2001 ). The Shiga-like toxin is an 
agent produced by the organism that increases the virulence of infection. Vero­
toxin, Shiga toxin and Shiga-like toxin refer to the same toxin and are just 
different nomenclature (Stewart and Flint 1999). The shiga-like toxins produced 
by E. coli were first characterized in Shigel/a dysentery type 1 and the shiga-like 
toxin were initially tested on a vero cell line which determined to be toxic (Stewart 
and Flint 1999). E.coli O157:H7 can produce two toxins: shiga toxin 1 (Stx1) 
and shiga toxin 2 (Stx2) (Armstrong et al. 1996). 
E. coli O157:H7 has caused 75% of all the outbreaks of hemorrhagic
colitis across the world (Labbe and Garcia 2001 ). Hemorrhagic colitis is bloody 
diarrhea and abdominal cramps (CDC 2001 ). Also, E. coli O157:H7 causes 
hemolytic uremic syndrome (HUS) (Stewart and Flint, 1999 and Griffin, 1995). 
HUS affects the elderly and children, specifically children under five (CDC 2001). 
HUS destroys red blood cells; initiates septic shock and can bring about kidney 
failure (CDC 2001) and death. There are 2,100 people hospitalized in the United 
States with an estimated 61 deaths annually (CDC 2001). HUS resulted in death 
in 3 to 5 % of cases and prolonged renal dysfunction in 10 to 30% of recovering 
patients (Mahon et al. 1998). 
E. coli O157:H7 infection occurs when someone eats food containing the
bacterium and E. coli O157:H7 attaches and grows in the intestinal tract causing 
infection. The minimum dose needed to cause infection in humans is 10 to 100 
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bacterial cells (Labbe and Garcia 2001) but can be much higher depending on 
the individual. The main location of the infection is the colon, which results in 
abdominal cramps and watery diarrhea and can later turn into violent bloody 
diarrhea and in rare cases vomiting and low grade fever (FDA, 2004). The 
symptoms will last for 8 days (FDA, 2004). 
Sources of the Infection 
Fifty-eight percent of all E. coli O157:H7 infections are associated with 
eating undercooked hamburger meat (Janda and Abbott 1998). However, foods 
like vegetables, fruits, alfalfa and radish sprouts, unpasturized apple cider, 
mayonnaise, yogurt, and salami have been associated with E. coli O157:H7 
outbreaks (Labbe and Garcia 2001 ). E. coli O157:H7 infection from 
contaminated drinking water, public swimming areas, unpasturized milk, and 
transmission from one human to another has been reported (Labbe and Garcia 
2001). 
Cattle are a source for E. coli O157:H7, however the organism has been 
isolated from other animals, such as; pigs, sheep, goats, dogs, cats, and birds 
(Janda and Abbott 1998). E. coli O157:H7 is not a pathogen to these animals 
and has been isolated in both healthy and sickened cattle (Janda and Abbott 
1998). Vegetable farmers use of fertilizers containing cattle manure and the 
water runoff from irrigation and heavy rain spread the cattle's fecal 
microorganisms to streams, rivers, and to other grazing areas (Janda and Abbott 
1998). 
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A young male at the age of 10 developed symptoms of bloody diarrhea, 
while caring for livestock animals (Rice et al. 1996). Isolation tests for E. coli
0157 on the boy's bloody stool samples were performed. In order to determine 
what caused the boy to get sick, samples were taken from "four dogs, two 
juvenile female cattle, and one sheep" (Rice et al. 1996). E. coli 0157 was 
isolated from the boy's stools, one sheep, and one cow. PFGE was performed 
on the isolates and results showed indistinguishable genetic similarities between 
the E. coli 0157 isolates (Rice et al. 1996). Evidence of the PFGE work showed 
that E. coli 0157 infected the boy because of being around the animals shedding 
the organism through feces. 
Beef Cattle 
Rice et al. (1995) tested deer droppings and cattle feces for vero-toxigenic 
E.coli 0157. Rice et al (1995) tested 108 range deer fecal droppings and two
VT E.coli 0157 were isolated. The researcher tested 191 cattle feces pats and 
five VT E. coli 0157 were isolated. All the positive cultures were examined using 
PFGE and it was determined that all the cultures were the same. Rice et al. 
(1995) concluded that the evidence shows that range deer could harbor VT E.
coli 0157. 
Hancock et al. (1997b) tested a hundred feedlots in 13 states for E. coli
0157 in feedlot cattle in the USA. The samples were fecal pats performed by 
swabbing. Hancock et al. (1997b) tested 11,881fecal pats and isolated 210 
(1.8%) E.coli 0157. At least one E. coliO157 isolate was isolated from 63 of 
the 100 feedlots sampled. Eighty-nine percent of E. coli 0157 isolates found had 
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the H7 antigen specific for motility. E. coli 0157 was sporadic amongst the 
feedlot cattle and with a low occurrence (Hancock et al. 1997b). 
Heuvelink et al. (1997) in the Netherlands tested Dutch cattle and sheep 
to screen for verotoxigenic E. coli 0157. Feces samples analyzed for E. coli
0157 were from several different slaughterhouses. Heuvelink et al. (1997) found 
57 (10.6%) of 540 adult cattle, 2 (0.5%) of 397 veal calves, 2 (3.8%) of 52 ewes, 
and 2 (4.1 %) of 49 lambs were positive for E. coli 0157. All E. coli 0157 isolates 
except two isolates contained vero-toxins 1 and 2 (Heuvelink et al. 1997). 
Sargeant et al. (2000) studied the frequency and distribution of E. coli
O157:H7 in fecal material and the surroundings of cowherds grazing on 
pastureland. For entire year, water and feces samples were tested from farms in 
Kansas. The fecal samples had 1.2% E. coli O157:H7 occurrence (n=2313) in 
cow fecal samples. 1.4% of 804 calf samples and 2.9% of 35 bull samples were 
had E. coliO157:H7. E. coliO157:H7 was isolated at 1.5% of 199-water 
samples tested. Surveillance of E.coli O157:H7 on the farm at all points of the 
cattle industry will reduce the chance of E. coli O157:H7 getting in the food 
supply (Sargeant et al. 2000). 
In the summer of 2001 Sargeant et al. (2003) analyzed 10,662 fresh feces 
samples from 711 pens in 73 feedlots located in Kansas, Nebraska, Texas, and 
Oklahoma. The fecal samples had an occurrence of E. coli O157:H7 at 10.2% 
from fecal samples and at least one isolate was from 52% pens and 95.9% of the 
feedlots tested. Researchers allowed the cattle to defecate before retrieving 
samples. The four states were chosen because they represented the major 
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feeder cattle industry states for the country (Sargeant et al. 2003). Sargeant et 
al. (2003) observed occurrence of E. coli 0157 much higher than reported in 
previous studies for cattle (Hancock et al., 1994, 1997). 
Beef Calves 
A study conducted by Laegreid et al. (1999) determined the occurrence of 
E. coli O157:H7 in beef calves before going to feedlots or introduction into a
different age cattle herds. Fifteen beef calf herds located in Kansas, Missouri, 
Montana, Nebraska, and South Dakota were sampled for E. coli O157:H7. 
Laegreid et al. (1999) found at least one E.coli O157:H7 in feces samples from 
13 of the 15 �erds. Laegreid et al. (1999) concluded that E. coli O157:H7 is 
prevalent prior to the time of weaning and long before the arrival to feedlots. 
Thran et al. (2001) tested 23 young Angus beef cattle a total of four times 
for a year, one time for each of the seasons and collected 86 fecal samples. 
Thran et al. (2001) found nine shiga-toxin producing E. coli and of the nine 
isolates, four isolates were E. coli O157:H7 and isolated during the winter. 
Dairy Cattle 
Rice et al. (1997) to determine the occurrence of E. coli 0157 in cull dairy 
cattle. Rice et al. (1997) swabbed fecal material from animals on the farm and at 
the time of slaughter in Idaho, Oregon, and Washington. Rice et al. (1997) 
tested 205 cull cows from 19 dairy herds and found 3.4% were positive for E. coli
0157. Cull cows (n=103) from 15 dairy herds were tested during slaughter and 
discovered that 3.9% had E. coli 0157 (Rice et al. 1997). 
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Hancock et al. (1997a) wanted to determine if there was an association 
between the occurrence of E. coli 0157 in 36 Pacific Northwest dairy herds and 
manure-handling practices on the prevalence of E.coli 0157. The states that 
were involved in this study were Oregon, Idaho, and Washington. There was a 
collection of sixty fecal pats each month for a half of year. Hancock et al. 
(1997a) found an occurrence of E. coli 0157 at 1.41 % of 12,644 fecal pats from 
27 of the 36 herds and 3 out of every 4 herds were positive for E. coli 0157. 
Hancock et al. (1997a) found no association between the manure handling 
practices of dairy farms and the occurrence of E. coli 0157. 
Hancock et al. (1997c) performed research to determine the occurrence of 
E. coli 0157 in a growing dairy herd over a year's time and how season effects
occurrence. The study involved fourteen cattle herds in Idaho, Washington, and 
Oregon. Each month fecal samples were collected for a total of 13 months. 
Hancock et al. (1997c) found 1.0% of 10,832 samples to have E. coli 0157 and 
at least one isolate was found in 9 of the 14 herds tested. Occurrence of E. coli
0157 was highest "April-August" and lowest during the winter months (Hancock 
et al. 1997c). 
Garber et al. (1999) conducted a study to isolate verotoxin-producing E.
coli 0157 from dairy cattle. Feces samples from 4,361 dairy cattle were taken 
from 91 dairy farms during a six month period in 1996 (Garber et al. 1999). This 
study involved twenty of the biggest dairy producing states representing 
approximately 1,000 farmers (Garber et al. 1999). The states were California, 
Florida, Idaho, Illinois, Indiana, Iowa, Kentucky, Michigan, Minnesota, Missouri, 
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New Mexico, New York, Ohio, Oregon, Pennsylvania, Tennessee, Texas, 
Vermont, Wa�hington, and Wisconsin (Garber et al. 1999). Ninety-five percent of 
the dairy herds involved in this study were Holstein cattle. Of the 4,361 dairy 
cows tested Garber et al. (1999) found 52 (1.2%) of cows to carry Verotoxin­
producing E. coli 0157 and of 91 herds 24.2% were positive. Less than one 
percent verot�xin-producing E. coli 0157 were isolated from the 3,692 milking 
cows tested, 1.2% of the 669 cull cattle tested were found to have verotoxin­
producing E. coli 0157 (Garber et al. 1999). 
A 16-month-old girl who lived on a dairy farm was infected with E. coli
0157:H7 (Jackson et al. 1998). The girl was reported to not have ingested any 
fresh milk or meat products recently and had no exposure to farm animals or 
their environment (Jackson et al. 1998). The dairy livestock feces were tested for 
E. coli 0157:H7 E. coli 0157:H7 was found in 25 of the 45 (56%) yearlings.
Samples from a well on the farm were also collected, tests showed matching 
toxin and phage structure to the E. coli 0157:H7 strains found from the girl, 
cattle, and water source. All three E. coli 0157:H7 isolates were highly similar 
genetically based on PFGE analysis. The investigation later determined the well 
to be a potential source for feces contamination due to manure run-off from the 
cattle living environment. Common methodology testing on wells for E. coli




Lynn et al. (1998) tested cattle feeds to find E. coli species. The study 
was an isolation and inoculation study. This study was designed to find if E. coli
species was present in various cattle feeds from farms and producers. In 
addition, to find out whether the E. coli found in feeds was the same as those 
living in fecal materials originating from cattle sources. E. coli was isolated at 
30.1 % (n=209) of the animal feeds (Lynn et al. 1998). Additional analysis was 
performed to see if the strain E. coli 0157 was present, however E. coli 0157 
was not found. The feed that E. coli was found in were "mineral mixes, wet 
forages, wet by-products, dry by-products, oil seeds, dry grains, dry forages, 
mixes, and miscellaneous proteins" (Lynn et al. 1998). The other half of this 
study used inoculated feed samples of E. coli and E. coli 0157. The feeds were 
of various inoculums of E.coli and E.coli 0157. Both studies concluded that E.
coli was abundant throughout the feeds and the organism's ability to survive 
concludes possible transmission of E. coli to the animal from feed, even E. coli
0157 (Lynn et al. 1998). 
Swine 
In 1995, the National Animal Health Monitoring System (NAHMS) 
performed research to determine if E. coli O157:H7 is in United States pig 
population (NAHMS 1997). Feces samples were taken from 4,229 swine 
animals encompassing 152 pork producing outfits from sixteen states of the 
greatest swine populated states, however E. coli O157:H7 was not found 
(NAHMS 1997). 
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These statements were found in a cattlemen's magazine article, and to my 
knowledge no journal articles have been published by the NAHMS to show the 
methodology and detailed accounts of how the results were concluded. 
Feder et al. (2004) tested 305 colon-feces samples of swine animals at 
slaughter in the United States and found a rate of 2.0% (n=6) pathogenic E.coli
O157:H7. Feder et al. (2004) further tested the isolates with ribotyping, 
antibiotics resistance, PFGE, and PCR. Feder et al. (2004) determined that 
some of the isolates had ability to posses "the stx1, stx2, eaeA, and hly933
genotype." 
Nakazawa et al. (1999) did research to test for shiga-toxin producing E.
coli O157:H7 in the Japanese pig population. Nakazawa et al. (1999) tested 
221 swine from thirty-five farms in Japan. The samples tested were rectal swabs 
(Nakazawa et al. 1999). Nakazawa et al. (1999) found E. coli O157:H7 1.4 % 
(n=3) of the 221 samples tested and those three had the ability to possess shiga 
toxin. Nakazawa et al. (1999) stated "so far, pork has not been identified as a 
source of human STEC O157:H7 illness in industrialized countries, but our 
results indicate that eating pork, contact with pigs, and contamination with pig 
feces should be considered potential sources of this pathogen." 
Chapman et al. (1997) did a study determine the occurrence of E. coli
0157 in a 1000 pigs. The samples were rectal swabs done each month for an 
entire year; animals were swabbed after slaughter (Chapman et al., 1997). 
Chapman et al. (1997) found only four E.coli 0157 of 1000 (0.4%) from pigs. 
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Heuvelink et al. (1999) tested the fecal material of turkeys on the farm and 
rectal pieces of swine at the time of processing. Additionally, Heuvelink et al. 
(1999) tested for the presence of the verocytotoxin production. Heuvelink et al. 
(1999) found 1.4% (n=2) were E.coli O157of the 145 pigs tested. The turkeys 
Heuvelink et al. (1999) tested 459 feces material and found 6 (1.3%) E. coli
0157. One swine isolate and one turkey isolate was positive for verocytotoxin 2 
production (Heuvelink et al. 1999). Heuvelink et al. (1999) stated, "From these 
results it can be concluded that pigs and poultry also can be a source of 
potentially virulent 0157 VTEC." 
Osek et al. (2002) tested 372 isolates of E. coli originating from swine 
using Polymerase Chain Reaction (PCR) to determine the presence of an 0157 
rfb gene. Three hundred and seventy-two isolates were analyzed and 10.2 % 
were found to contain the 0157 antigen, however none possessed the H7 
antigen (Osek et al. 2002). Osek et al. (2002) mentioned another author named 
Wray et al. (1993), Witting et al. (1995) stated, "There is little information 
concerning the prevalence and characteristics of these bacteria originating from 
pigs." Osek et al. (2002) PCR research showed that 7 of the 38 had the Shiga 
toxin 1 gene and 4 had the Shiga toxin 2 genes. 
A young male at the age of three and young female at the age of four 
were at a public farm in the city of Sheffield and later became sick (Chapman et 
al. 2000). It was later determined that the children became sick from an E. coli
0157 infection (Chapman et al. 2000). Strains of E. coli 0157 were found that 
possessed the vero-toxin which was found from three of the swine, one dairy 
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cow, a horse, two sheep and two goats (Chapman et al. 2000). PFGE analysis 
showed identical genetic similarity amongst isolates (Chapman et al. 2000). 
Various Animals on the Farm 
Chapman et al. (1997) conducted a study to determine the occurrence of 
E. coli 0157 in 400 cattle and in a 1000 sheep, chickens, and pigs. The samples
were rectal swabs done each month for an entire year to the animals after they 
had been slaughtered (Chapman et al. 1997). There was an occurrence of E.
coli 0157 at 13.4% (n=1840) for beef cattle and 13.4 % (n=1661) dairy cows 
(Chapman et al. 1997). The occurrence of E. coli 0157 monthly was 4.8-36.8% 
for cattle (Chapman et al. 1997). No E. coli 0157 was found in chickens, 
however 22 (2.2%) was isolated from a 1000 sheep and 4 (0.4%) from a 1000 
pigs (Chapman et al. 1997). Chapman et al. (1997) found through prior testing 
that 604 (86.3%) of the E. coli 0157 had the H7 flagella, meaning that the 
isolates were motile. Later after testing again Chapman et al. (1997) found 23 
(3.8%) of the 604 were not motile and did not have the H7 flagella antigen. 
Chapman et al. (1997) had determined the occurrence of E. coli 0157 to be at 
15. 7% that was much greater than reported from other research in Great Britain
or United States (Chapman et al. 1989, Chapman et al. 1993, Synge and 
Hopkins 1993, Hancock et al., 1994). 
Hancock et al. (1998) conducted a study looking for the occurrence of E.
coli 0157, which involved twelve cattle farms, located in the Pacific Northwest, 
the states were Idaho, Washington, and Oregon. The study involved collecting 
and analyzing fecal samples from cattle, dairy cows, horses, dogs, wildlife, cats, 
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rodents and collected bird mess, fly strips, a variety of cattle feeds, water-trough 
samples, and water supply samples were all tested for the occurrence of E. coli
0157 (Hancock et al. 1998). Hancock's et al. (1998) study revealed that there 
was no E. coli 0157 found in the feed , rodents, cats, or wildlife samples, 
however E. coli 0157 was found in 3.6% (n=1046) of the feedlot cattle, 2.3% 
(n=1097) of the dairy cows, 1.2% (n=427) of the water-trough samples and dog 
feces. The other samples like birds had 0.5% (n=200) positive samples, 1.1 % 
(n=90) horses, and 3.3% (n=60) for fly samples (Hancock et al. 1998). The 
results showed that E. coli 0157 was present on every one of the farms 
(Hancock et al. 1998). 
The percent positives and sample numbers for all research mentioned 
previously involving the isolation of E. coli 0157, is located in Table 1.1. Table 
1.1 gives a quick reference to the percent positive values from cattle, swine, 
chicken, and turkey. E.coli 0157 was at a low percentage from some research 
studies and high in others. 
Shown in Table 2.1, E. coli 0157 has been isolated from other farm 
animals such as hoses, sheep, goats, dogs, however no E. coli 0157 in cats 
from the research shown. Table 3.1 shows that E. coli 0157 has been isolated 
from various other animals that might be around a farm environment such as 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The RiboPrinter® system by Qualicon (a Dupont subsidiary, Wilmington, 
DE) to do ribotyping. The riboprinter® characterizes bacterial cultures based on 
ribosomal DNA patterns. Bacterial isolates are grown up on BHI plates and a 
bacterial colony is transferred to a sample carrier with buffer, applied heat, lysing 
agents. The sample is placed in the RiboPrinter® system for analysis. Each 
culture being analyzed has the bacterial cell lysed with lysing agents then the 
DNA is digested with a restriction enzyme. Only a limited number of restriction 
enzymes are available in the automated system and EcoR 1 is recommended for 
E. coli. The riboprinter® gives a threshold value of how close each culture's
ribosomal DNA pattern is to the patterns in library. The culture can be 
comparatively identified according to the ribosomal pattern. 
If the ribosomal pattern does not have enough degree of relatedness to 
patterns in the library the Riboprinter® will label the culture "none" but give a 
lower threshold value of what organisms might be related to it. All the cultures 
will be placed into ribo-groups, which are groups of organisms with highly related 
ribosomal band patterns to one another. The Riboprinter's® library has 
ribosomal band patterns of E. coli and E.coli 0157:H?. 
Pulsed-field gel electrophoresis (PFGE) 
PFGE is used to determine relatedness from one bacterial strain to 
another by looking at chromosomal DNA patterns (Tenover et al. 1995). Gautam 
(1997) designed a procedure using pulsed-field gel electrophoresis for typing E.
coli 0157:H?within a 24 hour period in order to obtain quicker results for 
18 
outbreak investigations. E. coli 0157:H7 DNA is digested using a restriction 
restriction enzyme and using PFGE the chromosomal DNA of each culture is 
separated into band patterns. A photo of the band patterns are taken, scanned 
and analyzed into a dendrogram (family tree) according to relatedness to one 
another. A variety of software packages are available for processing and 




Armstrong, G. L., J. Hollingsworth, and J. G. Morris, Jr. 1996. Emerging 
foodborne pathogens: E coli 0157:H7 as a model of entry of a new 
pathogen into the food supply of the development world. Epidemiol Rev. 
18(1 ):29-51. 
Besser, T. E., D. Hancock, D. Rice, C. Gay, and J. Gay. 1999. The ecology of 
shigatoxic E. coli 0157 and prospects for on-farm control. The Bovine 
Proceedings. 32:6-9. 
Bettelheim, K. and Thomas, G. Accessed 2003. web.bham.ac.uk/bcm4ght6 
/path/sere.html. E. c � retypes. University of Birmingham 
Buchanan, R. L. and M. P. Doyle. 1997. Food borne disease significance of 
Escherichia coli 0157:H7 and other enterohemorrhagic E. coli. Food 
Tech. 51(10):69-76. 
Centers for disease control and prevention (CDC), Atlanta, Georgia, USA 
www.cdc.gov/ncidod/diseaseinfo/escherichiacoli g.htm, Accessed 2001. 
Chapman, P. A., J. Cornell and C. Green. 2000. Infection with verocytotoxin­
producing Escherichia coli 0157 during a visit to an inner city open farm. 
Epidemiol Infect. 125:531-536. 
Chapman, P.A., C. A. Siddons, A. T. Cerdan Malo, and M.A. Harkin. 1997. A 
1-year study of Escherichia coli 0157 in cattle, sheep, pigs and poultry.
Epidemiol Infect. 119:245-250.
Chapman, P.A., C. A. Siddons, D. J. Wright, P. Norman, J. Fox, and E. Crick. 
1993. Cattle as a possible source of verocytotoxin-producing Escherichia
coli 0157 infections in man. Epidemiol infect. 111 :439-447. 
Chapman, P.A., D. J. Wright, and P. Norman. 1989. Verotoxin-producing 
Escherichia coli infections in Sheffield: cattle as a possible source. 
Epidemiol Infect. 102:439-445. 
Feder, I., F. M. Wallace, J. T. Gray, P. Fratamico, P. Fedorka-Cray, R. A. Pearce, 
J. E. Call, R. Perrine, and J. B. Luchansky. 2003. Isolation of Escherichia
coli 0157:H7 from intact colon fecal samples of swine. Emerg. Infect. Dis. 
9(3). 
Food & Drug Administration (FDA), Center for food safety & applied nutrition. 
2004. Bad bug book. www.cfsan.fda.gov/-mow/chap15.html. 1-9. 
20 
Garber, L., S. Wells, L. Schroedder-Tucker, and K. Ferris. 1999. Factors 
associated with fecal shedding of verotoxin-producing Escherichia coli 
0157 on dairy farms. J. Food Prat. 62(4):307-312. 
Gautam, R. K. 1997. Rapid pulsed-field gel electrophoresis protocol for typing of 
Escherichia coli O157:H7 and other gram-negative organisms in 1 day. J 
Clin Microbial. 35(11 ):2977-2980. 
Griffin, P. M. 1995. The epidemiology of infections caused by Escherichia coli 
O157:H7, other enterohaemorrhagic E. coli, and the associated 
haemolytic uraemic syndrome. Epedemiol Rev 13, 60-98. 
Griffin, P. M. 1995. Escherichia coli O157:H7 and other enterohemorrhagic 
Escherichia coli. In: Blaser MJ, Smith PD, Ravdin J I, et al., eds. 
Infections of the gastrointestinal tract. New York, NY: Raven Press, 
1995:739-61. 
Hancock, D. D., T. E. Besser, D. H. Rice, E. D. Ebel, D. E. Herriott, and L. V. 
Carpenter. 1998. Multiple sources of Escherichia coli 0157 in feedlots 
and dairy farms in the northwestern USA. Prev Vet Med. 35:11-19. 
Hancock, D. D., D. H. Rice, D. E. Herriott, T. E. Besser, E. D. Ebel, and L. V. 
Carpenter. 1997a. Effects of farm manure-handling practices on 
Escherichia coli 0157 prevalence in cattle. J. Food Prat. 60(4):363-366. 
Hancock, D. D., D. H. Rice, L. A. Thomas, D. A. Dargatz, and T. E. Besser. 
1997b. Epidemiology of Escherichia coli 0157 in feedlot cattle. J Food 
Prat. 60 (5):462-465. 
Hancock, D. D., T. E. Besser, D. H. Rice, D. E. Herriott, and P. I. Tarr. 1997c. A 
longitudinal study of Escherichia coli 0157 in fourteen cattle herds. 
Epidemiol Infect. 118:193-195. 
Hancock, D. D., T. E. Besser, M. L. Kinsel!, P. I. Tarr, D. H. Rice, and M. G. 
Paras. 1994. The prevalence of Escherichia coli O157:H7 in dairy and 
beef cattle in Washinton State. Epidemiol Infect. 113: 199-207. 
Heuvelink, A. E., J. T. M. Zwartkruis-Nahuis, F. L.A. M. van den Biggelaar, W. J. 
van Leeuwen, and E. de Boer. 1999. Isolation and characterization of 
verocytotoxin-producing Escherichia coli 0157 from slaughter pigs and 
poultry. Int J Food Microbial. 52:67-75. 
Heuvelink, A. E., F. L.A. M. van den Biggelaar, E. de Boer, R. G. Herbes, W. J. 
G. Melchers, J. H. J. Huis In 'T Veld, and L. A. H. Monnens. 1997.
21 
Isolation and characterization of verocytotoxin-producing Escherichia coli
0157 strains from dutch cattle and sheep. J Clin Microbial. 36(4):878-882. 
Jackson, S. G., R. B. Goodbrand, R. P. Johnson, V. G. Odorico, D. Alves, K. 
Rahn, J. B. Wilson, M. K. Welch, and R. Khakhria. 1998. Escherichia coli
0157:H7 diarrhoea associated with well water and infected cattle on an 
Ontario farm. Epidemiol Infect. 120:17-20. 
Janda, J. M., and S. L. Abbott. 1998. The enterobacteria. Philadelphia. 
Lippincott-Raven. p. 13-25. 
Labbe, R. G. and S. Garcia. 2001. Guide to foodborne pathogens. New York: 
John Wiley & Sons, Inc. p. 143-147. 
Laegreid, W. W., R. 0. Elder, and J. E. Keen. 1999. Prevalence of Escherichia
coli 0157:H7 in range beef calves at weaning. Epidemiol Infect. 123:291-
298. 
LeJune, J. T., T. E. Besser, D. H. Rice, J. L. Berg, R. P. Stilborn, and D. D. 
Hancock. 2004. Longitudinal study of fecal shedding of E. coli 0157:H7 
in feedlot cattle: predominance and persistence of specific clonal types 
despite massive cattle population turnover. Appl Env Microbial. 
70(1 ):377-384. 
Lynn, T. V., D. D. Hancock, T. E. Besser, J. H. Harrison, D. H. Rice, N. T. 
Stewart, and L. L. Rowan. 1998. The occurance and replication of 
Escherichia coli in cattle feeds. J. Dairy Sci. 81: 1102-1108. 
Mahon, B. E., P. M. Patricia, P. S. Mead, and R. V. Tauxe. UMDNJ-Robert 
Wood Johnson Medical School, New Brunswick, New Jersey, USA; 
Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, USA 
www.cdc.gov/ncidod/eid/vol3no3/mahon.htm, Accessed 1998. 
Nakazawa M, M. Akiba, and T. Sameshima. 1999. Swine as a potential 
reservoir of shigatoxin-producing Escherichia coli 0157:H7 in Japan. 
Emerg Infect Dis. 5:833-834. 
National Animal Health Monitoring System (NAHMS), author-anomymous. 1997. 
U.S. swine herd appears free of E.coli 0157:H7. Large Anim Pract. 
18:7. 
Osek, J. 2002. Identification of Escherichia coli 0157:H7- strains from pigs with 
postweaning diarrhea and amplification of their virulence marker genes by 
PCR. Vet Rec. 150: 689-692. 
22 
Rice, D. H., E. D. Ebel, D. D. Hancock, T. E. Besser, D. E. Herriott, and L. V. 
Carpenter. 1997. Escherichia coli 0157 in cull dairy cows on farm and at 
slaughter. J. Food Prot. 60(11):1386-1387. 
Rice, D. H., D. D. Hancock, R. L. Vetter, and T. E. Besser. 1996. Escherichia
coli 0157 infection in a human linked to exposure to infected livestock. 
Vet Rec. 138(13):311. 
Rice, D. H., D. D. Hancock, and T. E. Besser. 1995. Verotoxigenic E coli 0157 
colonisation of wild deer and range cattle. Vet Rec. 137:524. 
Sargeant, J. M., J. R. Gillespie, R. D. Oberst, R. K. Phebus, D. R. Hyatt, L. K. 
Bohra, and J.C. Galland. 2000. Results of a longtiudinal study of the 
prevalence of Escherichia coli O157:H? on cow-calf farms. Am J Vet Res.
61(11):1375-1379. 
Sargeant, J. M., M. W. Sanderson, R. A. Smith and D. D. Griffin. 2003. 
Escherichia coli 0157 in feedlot cattle feces and water in four major 
feeder-cattle states in the USA. Prev Vet Med. 61 :127-135. 
Stewart, C. S. and Flint, H. J. 1999. Escherichia coli 0157 in farms animals. 
Wallingford: CABI Publising. 
Synge, B. A. and G. F. Hopkins. 1993. Verotoxigenic Esherichia coli 0157 in 
scottish calves. Vet Rec. 130:583. 
Tenover, F. C., R. D. Arbeit, R. V. Goering, P.A. Mickelsen, B. E. Murray, D. H. 
Persing, and B. Swaminathan. 1995. Interpreting chromosomal DNA 
restriction patterns produced by pulsed-field gel electrophoresis: criteria 
for bacterial strain typing. J Clin Micro. 33(9):2233-2239. 
Thran, B. H., H. S. Hussein, M. R. Hall, and S. F. Khaiboullina. 2001. Shiga 
toxin-producing Escherichia coli in beef heifers grazing an irrigated 
pasture. J. Food Prot. 64(10):1613-1616. 
Witting, W., H. Klie, P. Gallien, S. Lehmann, M. Timm, and H. Tschape. 1995. 
Prevalence of the fimbrial antigens F 18 and K88 and the enterotoxins and 
verotoxins among Escherichia coli isolated from weaned pigs. Zentralblatt 
fur Bakteriologie. 283:95-104. 
Wray, C., I. M. Mclaren, and P. J. Carroll. 1993. Escherichia coli isolated from 
farm animals in England and Wales between 1986 and 1991. Vet Rec. 
133:439-442. 
23 
Part II: Occurrence of Escherichia coli 0157:H7 in Diverse Farm 
Environments ;in Five States 
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Abstract 
In the United States, foodborne outbreaks of Escherichia coli O157:H7 
illness have often been linked to the consumption of contaminated, undercooked 
ground beef. However, the occurrence of E. coli O157:H7 in other animals has 
also been reported. The objective of this study was to determine the occurrence 
of E. coli O157:H7 in cattle, swine, poultry, and farm environments. 
Environmental samples (n=576) and fecal swab samples (n=1686) from sixteen 
locations in the U.S. were collected over 22 months. Overall, in fecal swabs E.
coli O157:H7 was positive (serologically confirmed) in 4.7% of beef cattle (n = 
408), 3.9% of dairy cattle (n=408), 8.9% of swine (n=426), 7 .5% of turkey 
(n=120) and <1 % of chickens (n= 324). 
E.coli O157:H7 was isolated infrequently from environmental samples
(<3%), except for swine environmental samples (9%). No trends could be 
established for poultry. E. coli O157:H7 was isolated from feed samples (up to 3 
samples) from the states of Tennessee and Washington. Since E.coli O157:H7 
was seldom isolated from feeds or bedding, sampling for E. coli 0157 at the farm 
should focus on the feces or fecal swabs for optimal recovery. The occurrence of 
E. coli 0157 in swine and turkey was surprisingly high which indicates that swine
and turkey may serve as vectors for food-borne outbreaks of E. coli 0157. 
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Introduction 
E. coli O157:H7 has been the causative agent of multiple foodborne
disease outbreaks associated with contaminated ground beef (Buchanan and 
Doyle 1997). This organism causes infection, which can result in bloody 
diarrhea, abdominal cramps, hemolytic uremic syndrome, and thrombotic 
thrombocytopenic purpura (Buchanan and Doyle 1997). Much research has 
been done to study E. coli O157:H7 in cattle and their farm environments since 
outbreaks have been linked to undercooked hamburger meat (Buchanan and 
Doyle 1997). E. coli O157:H7 has been isolated from a variety of animals 
including sheep, goats, dogs, and wild deer (Buchanan and Doyle 1997). Very 
little is known about the isolation rate of E.coli O157:H7 in the United States in 
other food animals such as swine (Feder et al. 2003), chicken, and turkey and 
their environments. Several studies outside the United States have reported the 
occurrence of E.coli O157:H7 in swine and poultry (Chapman et al. 1997, 
Heuvelink et al. 1999, and Nakazawa et al. 1999). Since information on the 
occurrence of E. coli O157:H7 is needed for animals other than cattle in the 
United States, this study was undertaken to determine the occurrence of E.coli
O157:H7 on 16 farms in five geographically diverse states in the United States. 
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Material and Methods 
Sixteen farms were sampled over 22 months in five geographically diverse 
states, (Alabama, California, North Carolina, Tennessee, and Washington). The 
animal types tested included beef cattle, dairy cattle, swine, chicken, and turkey. 
Each farm was tested for a total of six sampling periods throughout the study 
which was represented by six seasons of sampling. Both animal and 
environment samples were collected at each farm. The total number of samples 
collected from all sampling sites for the entire study was 2,262. 
Sampling Collection 
Before beginning the study, each farmer was instructed as to the details of 
this study and trained in the sampling protocol. To ensure uniformity in sampling 
and shipping, each farm sampling was conducted using a sampling kit which was 
mailed from the University of Tennessee to the farm. Sampling kits were sent to 
the farms and a pre-labeled container held a letter of instructions stating our 
sampling request, two zip-lock bags, and four sterilized pre-labeled cups with 
lids, twenty sterile swab tubes, a sanitized hand-shovel, and a Global Positioning 
(GPS) Device. The swabs were BBL Culture Swabs with Cary-Blair Agar 
(Becton Dickson, Sparks MD). 
All samples were placed into the designated sterile containers and 
sampling kit for shipping to the University of Tennessee, Knoxville. At each 
sampling site a reading was taken on the GPS device. Samples were 
27 
transported overnight express to our laboratory at the University of Tennessee 
Food Safety Building Knoxville, TN and stored at 4°C until analyzed. 
The following samples were collected: 
Two types of feed in sterile containers, one fresh feed not touched by the 
animal and one trough feed which were remainder of the feed after the animal 
has eaten. Two soil samples from the environment in which the animal lived or 
migrated. Two bedding or fecal samples were taken from the animals living area. 
Rectal swabs (n=20) were collected randomly from 20 animals, by swabbing and 
inserting into rectum of the animal using BBL culture swabs with Cary-Blair agar. 
Nomenclature for environmental samples were as follows: beef cattle -fresh 
grass/ hay, old grass/ hay, soil, bedding; dairy cattle -fresh and trough silage, 
soil, bedding; swine -fresh feed, trough feed, soil, feces; poultry -fresh feed, old 
feed, soil, and litter. 
Sample Analysis 
Samples were analyzed for the occurrence of E. coli O157:H? according 
to methodology from the FDA Bacteriological Analytical Manual (Feng and 
Weagant 2002) and USDA Microbiology Laboratory Guidebook (Sparling 2002) 
with modification based on studies conducted by Kiefer et al. (2000), Pangloli et 
al. (2002), Pang Ioli et al. (2003) (Table 1 ). The two feed, two soil samples, and 
two bedding or fecal samples, were weighed at 25g of sample and placed into 
filter lined sterile stomacher bags (Feng and Weagant 2002). Next, 225ml of 
enrichment broth was added to the sample (Table 1.1) and mixed by hand 
agitation. The enrichment broths used were mTSB+N (Feng and Weagant 
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2002), mEC+N (Sparling 2002), and EEB (Feng and Weagant 2002) (Table 1 ). 
The samples were placed into a water-bath at 37°C for 16 hours with agitation 
(Feng and Weagant 2002). 
Rectal swabs plus Cary-Blair Agar were placed into small sample bags 
with 1 O ml of half strength Universal Enrichment Broth (UEB) and the sample 
was split for both enrichment and quantification of background micro-flora. One 
ml of sample was placed in a tube of 9 ml of mTSB+N (cattle, poultry) or mEC+N 
(swine) for enrichment (Table 1). All samples tubes were vortexed and placed 
into water-bath at 37°C for 16 hours with rotating agitation (Feng and Weagant 
2002). 
Table 1.1: Enrichment and plating methodology for samples 
Samele tvee Enrichment Plating media 
Retal swab mTSB CTSMAC & HC 
Cattle Feed mTSB CTSMAC & HC 
Soil EEB CTSMAC& HC 
Bedding EEB CTSMAC & HC 
Retal swab mEC CTSMAC&HC 
Swine Feed EEB CTSMAC & HC 
Soil EEB CTSMAC & HC 
Feces mEC CTSMAC & HC 
Retal swab mTSB CTSMAC & HC 
Poultry Feed mTSB CTSMAC & HC 
Soil EEB CTSMAC & HC 
Litter EEB CTSMAC & HC 
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After 16 hours all samples were taken from the water-bath. Using a sterile 
bio-loop, each sample was streaked using quadrant streaking technique onto CT­
SMAC and HC plates for isolation (Feng and Weagant 2002). The plates were 
incubated in a 37°C incubator for 18 to 24 hours (Feng and Weagant 2002). 
After incubation, the non-sorbital fermenting colonies which were colorless on HC 
plates and colorless with brown tinged centers on CT-SMAC plates were 
transferred using sterile wooden sticks to MacConkey Agar (MAC) plates in a 
grid line formation to keep samples separate (Feng and Weagant 2002). The 
MAC plates were incubated in a 37°C incubator for 18 to 24 hours. After 
incubation, the lactose fermenting red/pink colonies were transferred using sterile 
wooden sticks to EC medium with MUG + 15g agar (MUG) plates in a grid line 
formation again keeping samples separate (Feng and Weagant 2002). The MUG 
plates were incubated at 37°C for 18 to 24 hours (Feng and Weagant 2002). E.
coli O157:H7 is negative for fluorescence after 24 hours, since it lacks the ability 
to produce �-glucuronidase enzymes (Feng and Weagant 2002). After 
incubation, the negative fluorescence colonies were streaked onto tryptic soy 
agar (TSA) slants using a sterile metal needle and incubated at 37°C for 18 to 24 
hours. The TSA cultured slants were stored at 4°C for permanent storage until 
lyophilized. 
Biochemical Testing 
The indole spot test (Feng and Weagant 2002) was performed by placing 
the indole reagent on a piece of filter paper on-top of aluminum foil, and the 
cultures were transferred using sterile bio-needles to the indole reagent. When a 
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pinkish-red reaction appeared immediately it was positive (Feng and Weagant 
2002). Using sterile bio-needles the indole positive cultures were streaked from 
the TSA slants onto Simmons Citrate slants (Feng and Weagant 2002). The 
Simmons Citrate cultured slants were incubated at 37°C for 18 to 24 hours. After 
incubation if no color change had occurred (negative citrate) this was indicative 
of E. coli.
Serological Testing 
Serological tests were used as final conformation for the presence of E.
coli O157:H7. A clear glass slide was used with eight quadrant formation 
dividers. A drop of 0157 antiserum was diagonally placed in each of four of the 
eight quadrants. The procedure was repeated on H7 antiserum. Using a sterile 
bio-loop, a small amount of culture was taken from the TSA slant and placed into 
the 0157 antiserum and the H7 antiserum. The culture was stirred into the 
antiserum with the smaller end of the sterile bio-loop until no debris could be 
seen. The slide was rotated clockwise for one minute stirring the serum. Next, 
the slide was held up to the light and if agglutination formed (Feng and Weagant 
2002) it was positive for that antiserum. Cultures which were positive for both the 
0157 and H7 serological tests (Feng and Weagant 2002) were E. coli O157:H7 
and were placed in isolate tubes for preservation and future testing. 
Re-isolation for Preservation for future testing 
A small amount of culture was taken off the TSA cultured slant and placed 
into 10 ml of tryptic soy broth and vortexed. Next, the culture was incubated at 
37°C for 18 to 24 hours. Then sterile bio-loops were used to streak culture onto 
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CT-SMAC and HC plates for isolation and incubate at 37°C for 18 to 24 hours. 
Using one non-sorbital colorless colony, agglutination with 0157 antiserum was 
re-checked, and colony was placed into 5 ml of brain heart infusion broth 
incubate at 37°C for 18 to 24 hours. Using micro-pipe transfer to each tube 300 
micro-liters of sterile buffered phosphate and one ml of the culture (see 
appendix). Gently rotate to mix well then place in freezer for future experiments. 
Plate Counting 
All samples were enumerated for aerobic, total coliform/ fecal coliform 
(E. coll), and fecal streptococci. Samples were analyzed for the aerobic and total 
coliform/ fecal coliform using SimPlate and SimPlate Media according to 
manufacturer's instructions (Biocontrol System, Bellevue, WA). Fecal 
streptococci were analyzed using KF Streptococcus Agar (Becton, Dickson Co, 
Sparks, MD). 
Environmental samples (25g) were placed into filter lined sterile 
stomacher bags with 225 ml of 0.1 % peptone water. Four swabs were analyzed 
from each farm for each period. The swabs were transferred from the half 
strength universal enrichment broth to dilution blanks. Dilutions would be made 
for each sample using dilution blanks of 9 ml of 0.1 % peptone water. From the 
dilution tubes 1 ml of sample was transferred to the complementary plates. The 
Sim Plate received 1 ml of sample and 9 ml of media. The fecal streptococci 
were done using a pour plating technique of 1 ml of sample and media overlay 
with figure eight swirling technique. All plates were incubated in a 35°C 
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incubator. The aerobic and total coliform/ fecal coliform plates were incubated 
for 18 to 24 hours. The fecal streptococci plates were incubated for 48 hours. 
The aerobic and total coliform/ fecal coliform plates were enumerated by 
counting the number of positive wells. The fecal coliform portion was counted in 
an UV lighting box. The fecal streptococci plates were done by the visual 
counting colony technique under a magnifying plate counting stand. All counts 
were analyzed into colony forming units per gram (CFU/g) of sample. 
A survey was done during the 2004 summer to find out more helpful 
information on the farms being sampled. The survey information is below: 
Description of the beef cattle farms 
The Tennessee beef cattle farm was a non-profit foundation farm 
encompassing a total of 18,653 acres and 1,100 acres in pasture land. The farm 
had at any one time 700 head of cattle which were purebred Angus and Angus 
crosses. The farm employed thirty-two full time workers and eight part-time. 
During the winter the cattle were fed corn silage and hay, during the spring, 
summer, and fall the cattle were fed fescue, Bermuda-grass based grazing. The 
corn silage and hay were produced on-site. The primary water source for the 
cattle was 70% pond and 30% fresh water when available. The length of time 
the animals were on the farm varied; brood cows 10-12 yrs, breeding bulls 1-3 
yrs, replacement heifers 10-12 yrs, steers 12-18 months, and heifers 12-18 
months. Other livestock present on the farm are a herd of 40 horses. The 
domesticated animals present on the farm were 10 cats and 16 dogs. Abundant 
wildlife included deer, turkey, raccoon, possum, quail, skunks, armadillo, and 
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hawks. Cattle were given antibiotic/ vaccination treatment 2 times a year and 
once a year for the horses. 
The Alabama beef cattle farm was a university run operation. The farm 
encompassed 1,116 aces and 800 acres in pasture. Total head of cattle was 
351 which were Simmental and Angus breeds. The farm had three employees. 
Feed was supplied by the co-op, except for pasture grazing. The source of water 
was a well for the animals. Brood cows spent 10-12 yrs and only new bulls were 
brought onto the farm. The farm had four dogs and 5-10 barn cats. The wildlife 
included white-tailed deer, squirrels, and raccoons. 
The California beef cattle farm was a university run establishment. The 
farm encompassed 5,800 acres total with 160 acres irrigated pasture and 5000 
acres of dry pastureland. Not including calves, there were 700 head; 400 of 
them were commercial cows with 100 head replacement heifers, and 200 head 
stocker steers. The breeds were mixtures of red and black Angus and Hereford. 
The farm had 12 full-time workers doing work between this farm and another 
department. In addition to pasture grazing the cattle were given alfalfa hay if 
pasture was short that year and replacement heifers were fed cottonseed meal 
prior to first breeding. All feed was supplied by the university campus where it 
was grown. The primary source of water for the cattle was irrigation ditches 
and/or pipelines and partial spring fed stock-water. Commercial cows and bulls 
stayed year around, stockers about 10 months, and all heifers' replacements 
were raised onsite and new bulls come in from university campus. The farm had 
three cats and two dogs. Wildlife around the farm included black-tailed deer, wild 
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turkey, quail, black bear, mountain lion, bobcat, dove, rattle snakes, and coyote. 
Antibiotics were given as needed and vaccinations were given at pre-breeding of 
cows. 
The Washington beef cattle farm was owned and operated by a family. 
The farm encompassed 2,300 acres; 400 in cropland and pasture and 1,900 in 
dry pastureland. There were 400 cattle at any one time with breeds of Hereford 
and Angus. The farm employed two workers. The cattle grazed most of the year 
with hay supplemented during Dec-Mar. All feeds were produced on site. The 
primary source of water was irrigated water and well water during the winter. 
The calves were typically on the farm 12-18 months and cows up to 12 years. 
The farm has 2 dogs and many cats. The farm has abundant bird wildlife. The 
calves are vaccinated each year. 
Description of the dairy cattle farms 
The Tennessee dairy cattle farm was owned and operated by a university. 
The farm encompassed 615 acres. There were 180-190 milking and/or dry cows 
and 170-190 growing heifers. The farm employed 16 full time workers plus 
student employees. The dairy cows were milked two times a day. The dairy 
cattle were fed forage ration which includes corn silage, whole cottonseed blend, 
alfalfa, and grass/ hay. The �ry cows and heifers receive wheat or alfalfa silage 
and pasture. The silage and hay were produced on site. All other feeds were 
purchased from supplier. The primary source of water for the animals was the 
city water system and running streams. All animals were born on the farm with 
an average age of 4 years. The farm had fifteen cats. The wildlife includes deer, 
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turkey, geese, and coyote. The milking cow lot waste was processed through a 
solids separator and recycled as bedding and waste was spread on appropriate 
cropland. 
The Alabama dairy cattle farm was a university run operation. The dairy 
farm encompassed 33 acres with 160 dairy cattle. The breeds were Holstein and 
Jersey and the cows were milked three times a day. The farm had two 
employes. The dairy cattle were fed TMR, corn silage-base, grass/hay, ground 
corn, commercial protein, and mineral mix. Silage and hay were grown on site 
and rest of the feeds was purchased from supplier. The primary water source 
was well water. Average age of the cows was 52 months and some cows were 
up to 12 years old. Some animals were purchased and brought to the farm and 
some were born on the farm. The farm had 1 cat. The wildlife includes raccoon, 
deer, turkey, possum, and birds. Antibiotic/ vaccination were given twice yearly 
and others at dry off. The farm operated with a flush system for waste 
management in a free stall barn with two stage lagoons, and solid separator. 
The solid waste was composted and the liquid was used to irrigate a hay field. 
The California dairy cattle farm was a family owned and operated 
establishment. The farm encompassed 2000 acres in three locations with 2400 
Holstein cattle that were milked twice a day. They have 43 workers on the farm. 
The cattle were fed TMR and all forage was raised onsite and by-products were 
bought on open market. The water source for the animals was well water. They 
had closed herds but bring in new cattle 2 to 3 times a month. The farm had one 
dog and no noticeable wildlife and was considered a desert environment. Their 
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waste management involves a methane digester and vacuum truck which 
handles 60% of manure and the rest was scraped from dry-lot corrals and spread 
onto fields. 
The Washington dairy cattle farm was family farm. The farm has 305 
acres and the production area was 4 acres. There were 580 lactating cows, 60 
dry cows, and 200 calves and all was Holstein. The cows were milked four times 
a day. The farm employs eleven workers. The cattle were fed corn silage, alfalfa 
hay, distillers, canola, soy meal, potatoes, and rolled corn. The corn silage was 
produced onsite and all other feeds were purchased from feed companies and 
commodity dealers. Well water was the primary source of water for the animals. 
Heifers go off the farm at 9-10 months of age and come back at 20 months. The 
manure was handled through a sequential system of sand settling basin, manure 
solids separator, lagoon storage, and recycle water flush. Manure solids and 
manure-laden sand were hauled off farm to a soils business. 
Description of the swine farms 
The Tennessee swine farm was a university run establishment. The farm 
had 10 acres of land and 1,000-1, 100 swine animals. There were three full time 
employed and three students working the farm. The animals involved in the 
study were finishing pigs which are pigs grown to market weight and sold to 
packers. Feed for animals varied depending on stage of production. The feed 
consisted of a pellet and meal diet. The animals involved in this study were on a 
meal diet. The feed was purchased directly from the mill. The swine received 
water by nipple waterers. Sows lived on the farm 5-6 years and finishing pigs 
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about 180 days and new gills was brought onto the farm about twice a year. 
Each building was scraped daily of the waste and the waste was placed into pits 
filled with water up to six inches in depth. Later the pits were emptied into 
lagoons and refilled every two weeks. 
The North Carolina swine farm was a family run operation contracted with 
a corporation. The farm had 350 acres and the swine complex consisted of two 
sites each with 2,400 sows. There were twenty-four employees working the 
farm. The swine involved in this study were breeder pigs which are sow 
producing piglets. There were two types of feeds used on this farm, lactation and 
gestation feed and the feed was provided by a supplier. The primary water 
source for the swine was well water. The swine were rotated on and off the farm 
to maintain a healthy mother population. Waste management on the farm 
consists of a waste flushing from houses and treatment with an anaerobic 
lagoon. It was applied by irrigation in a waste utilization plan. 
The California swine farm was owned and run by an individual. The farm 
had 26 acres with 4,800 swine intended for swine production from farrow to 
finish. The farm had two employees. The animal feed was corn and soybean 
meal which was purchased from suppliers. The source of water for the pigs was 
well water. All animals were produced onsite with continual production until 
market. Also, the farm raised 1,000 Holstein bulk calves. The waste 
management involved flushing with anaerobic digester lagoon. 
The Washington swine farm was a family run business. The farm 
encompassed 3,200 acres and had 4,000 swine at any one time. The farm 
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employed four workers. The swine tested in this study were sows used for 
breeding. The pigs were fed barley and peas which were produced onsite. The 
swine received water from nipple waterers. All animals were produced onsite 
from furrowing to finish. The farm had two dogs and geese and ducks were the 
noticeable wildlife. The waste management involved flushing waste to lagoon. 
Description of the chicken farms 
The Tennessee chicken farm was family owned. The farm encompassed 
125 acres and had six chicken houses with 24,000 birds per house, a total of 
144,000 birds on the farm. The farm employed one full time worker and one part 
time. The chickens swabbed for this study were broiler chickens. Feed was not 
specified but was on a starter (1 to 14 days of age), grower (15 to 34 days of 
age), and finisher (35 to 42 days of age). The feed was provided by a supplier 
and integrated poultry firm. The water source for the chickens was well water. 
The chickens were on the farm 42 to 44 days per grow-out with six grow-outs a 
year. The farm also has 25 head of beef cattle on pasture. The farm had a dog 
and wildlife include rabbits, quail, and birds. Waste management involves the 
broiler house being cleaned one time a year with the waste being stored under 
roof for a short period of time and then was taken to a field and spread. The 
waste was being used as fertilizer. 
The North Carolina chicken farm was owned and operated by a family but 
was contracted with a business. The farm encompassed 103 acres with 86,000 
birds in four chicken houses. The farm employs four workers. The type of 
chicken used in this study was broilers. The farm was on a starter, grower, 
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finisher feed system but feed was not specified. The farm worked with contract 
operations and supplier for feed. The source of water was well water for the 
chickens. The chickens were on the farm eight weeks with five replacements per 
year. A swine finishing facility was located on the 103 acre complex that held 
720 head of swine. The chicken's waste was stockpiled and applied to land as 
permitted. 
The Washington chicken farm was a family owned and run establishment. 
The farm had 1,800 acres and 73 workers for 991,000 chickens present at any 
one time. The chickens used for this study were layers. The layers were fed 
what was called a layer mash that was purchased off-site but milled on-site. The 
water source was well water for the chickens. New chickens were brought onto 
the farm about every eight weeks (60,000-140,000 chickens) and hens stayed on 
the farm for 2-2.5 years. The farm also has 90 dairy cows present that process 
3,000,000 gallons of milk a month. The farm had two dogs and numerous cats. 
The wildlife includes deer, elk, blue heron, bald eagles, crows, beaver, skunk, 
possum, rats, and mice. The waste management for the farm involved a deep pit 
for in-house storage and manure was removed when flock was removed. The 
manure was composted with "hog fuel" and removed from site. 
Description of the turkey farm 
The North Carolina Turkey farm was a family run business. The farm 
encompassed 300 acres and had 12,000 turkey birds at any one time. The farm 
employed twelve workers. The turkeys sampled in this study were breeder 
turkeys. A breeder turkey produces eggs which will be commercially incubated 
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and hatched and then sold for meat production. The turkeys were fed breeder 
feed which was produced off-site from a supplier. The source of water for the 
turkeys was well water. Turkeys were typically on the farm 25-27 weeks. The 
turkey waste was applied to land as permitted. 
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Results and Discussion 
This study involved sixteen farms and five animal types. E. coli O157:H? 
was isolated at least once from every farm, state, and animal type tested. The 
study lasted over 22 months with six sampling periods. 
Occurrence of E. coli 0157:H7 from beef cattle and their environment 
Cattle rectal swabs and environmental samples from four beef cattle farms 
were analyzed for the occurrence of E. coli O157:H?, farms were located in 
Tennessee, Alabama, California, and Washington. Occurrence of E. coli
O157:H? from animal rectal swabs in beef cattle was higher than that of the farm 
environmental samples as shown in Table 2.1. E.coli O157:H? was isolated 
from 4.65 % (19 of 408) of rectal swabs from beef cattle. Cattle on each of the 
four farms had 102 rectal swabs analyzed. The rectal swabs from the 
Washington farm had the highest occurrence of E. coli O157:H? at 8.82% (9/102) 
followed by the Tennessee farm at 4.9% (5 of 102), California farm at 3.92% (4 of 
102), and Alabama at <1% (1 of 102). The Washington beef cattle isolates were 
a one time occurrence during December of 2003. No E. coli O157:H? isolates 
were found in grass/hay or soil samples for beef cattle. One of 48 (2.08%) 
bedding samples was found to be positive for E. coli O157:H? from a Tennessee 
beef cattle farm. 
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Table 2.1: Occurrence of E.coli O157:H7 from beef cattle (rectal swab) and 
environmental samples by states (USDA Project) 
Cattle {Beef} Total # of Positive Percent 
Samoles Samoles Positive2
102 (TN) 1 5 4.90% 
102 (AL) 1 0.98% 
102 (CA) 4 3.92% 
Rectal Swabs 102 (WA) � 8.82% 
Overall = 408 19 4.65% 
12 (TN) 0 -
12 (AL) 0 -
12 (CA) 0 -
Grass/ hay 12 (WA) Q -
Overall= 48 0 -
12 (TN) 0 -
12 (AL) 0 -
Soil 1 & Soil 2 
12 (CA) 0 -
12 (WA) Q --
Overall= 48 0 I -
12 (TN) 1 8.33% 
12 (AL) 0 -
Bedding 1 & 12 (CA) 0 -
Bedding 2 12 (WA) Q --
Overall= 48 1 2.08% 
Environmental 
Samples 
Grass Samples 48 0 -
Soil Samples 48 0 -
Bedding Samples 48 1 2.08% 
Overall = 144 1 0.69% 
l TN, Tennessee farm, AL, Alabama farm, CA, Caltforn1a farm, & WA, Washington farm
2 Percent Positive = # of positive samples / total # of samples x1oo
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Other studies have been done to determine the occurrence of E. coli 0157 
in beef cattle. E. coli 0157 has been isolated in beef fecal samples from in a 
number of studies: 2.6% n=191 (Rice et al. 1995), 1.8% n=11,881 (Hancock et 
al., 1997a), 10.6% n=540 (Heuvelink et al. 1997), 1.2% n=2,348 (Sargeant et 
al.2000), 10.2% n=10,662 (Sargeant et al. 2003), 6.9% n=878 (Laegreid et al. 
1999), and 4.7% n=86 (Thran et al. 2001) of samples were found positive for E.
coli 0157. 
Background· microflora 
Aerobic plate counts (APC) and other background microflora for each 
positive E. coli O157:H7 sample are shown in Table 2.2. The E. coli O157:H7 
positive samples had very high (log 7 .6 CFU/g to >log 10 CFU/g) APC, total 
coliform, and total E. coli counts for rectal swabs. Bedding samples were lower 
(log 4.6 CFU/g to >log 8 CFU/g) in APC, total coliform, total E. coli O157:H7 
counts and fecal streptococci. The fecal streptococci range for rectal swabs was 
log 6.7 CFU/g to >log 8 CFU/g. 
Seasonality of E. coli 0157:H7 from beef cattle isolates 
Seasonality for occurrence of E. coli O157:H7 in beef cattle was observed 
over a 22 month period which included testing during six seasons. Figure 1 
shows the seasonality of E. coli O157:H7 isolates for rectal swabs and bedding. 
The highest isolation of E. coli O157:H7 was found in the fall in rectal swabs 
followed by spring and summer with no isolates found in the winter at any 
location. Occurrence of E. coli O157:H7 was sporadic. Persistence of E. coli
O157:H7 was only seen once over two seasons, the summer and fall of 2003. 
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Table 2.2: Aerobic Plate Counts (APC), Total Coliform, Total E. coli, and Fecal 




Period/ APC Total Total E.coli 
streptococci 
Sample type Coliform 
Log10 CFU/g or swab 
Tennessee-Beef Cattle 
Period# 2 * Collection date: 11/20/02 (Fall 2002) 
-Swab 9.2 9.1 8.4 7.3 
Period# 4 Collection date: 6/17 /03 (Spring 2003) 
-Swab 9.3 9.0 8.0 7.5 
-Bedding soil 1 8.0 5.3 4.6 5.4 
Alabama-Beef Cattle 
Period# 4 Collection date: 7 /09/03 (Summer 2003) 
-Swab 9.7 � 9.7 8.7 8.0 
California-Beef Cattle 
Period# 4 Collection date: 8/18/03 (Summer 2003) 
-Swab 10.0 9.6 9.4 6.7 
Period# 5 Collection date: 10/23/03 (Fall 2003) 
-Swab 9.3 9.3 9.0 7.6 
Washington-Beef Cattle 
Period# 5 Collection date: 11/25/03 (Fall 2003) 
-Swab 9.0 7.6 7.6 7.2 
Overall Negative ** 
Rectal Swab 9.6 9.0 8.2 7.1 
Bedding Soil 1 6.7 3.3 2.6 3.2 
* Period refers to sampling period.
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Figure 1: Seasonality and occurrence of E. coli 0157: H7 in rectal swabs 
(n=408) and bedding (n=48) from beef cattle. 
Occurrence of E.coli 0157:H7 from dairy cattle and their environment 
E.coli 0157:H7 isolated from rectal swabs and environmental samples 
was determined for four dairy farms, located in Tennessee, Alabama, California, 
and Washington. Occurrence of E. coli 0157:H7 from animal rectal swabs was 
higher than that of the farm environmental samples as shown in Table 3.1. Dairy 
cattle farm rectal swabs had an overall isolation rate of 3. 92 % ( 16 of 408) for E.
coli 0157:H7. The highest isolation rate for samples from the Alabama and 
California farm samples was 6.86% (7 of 102) for E.coli 0157:H7. The 
Tennessee and Washington farm rectal swabs had < 1 % occurrence of E. coli
0157:H7. One (4.16%) of 24 fresh feed samples was positive for E.coli
0157:H7, on a Washington farm. Only one Tennessee dairy feed bunk sample 
(n=24) was positive for E.coli 0157:H7. 
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Table 3.1: Occurrence of E. coli O157:H? from dairy cattle (rectal swab) and 
e nvironmental samples by states (USDA Project) 
Dairy Total # of Positive Percent 
Samoles Samoles Positive2
102 (TN) 1 1 0.98% 
102 (AL) 7 6.86% 
102 (CA) 7 6.86% 
Rectal Swabs 102 (WA) 1 0.98% 
Overall= 408 16 3.92% 
6 (TN) 0 -
6 (AL) 0 -
6 (CA) 0 -
Fresh Feed 6 (WA) 1 16.66% 
Overall := 24 1 4.16% 
6 (TN) t 16.66% 
6 (AL) 0 -
6 (CA) 0 -
Feed Bunk 6 (WA) Q --
Overall= 24 1 4.16% 
12 (TN) 0 -
12 (AL) 0 -
Soil 1 & Soil 2 
12 (CA) 0 -
12 (WA) 0 -
-
Overall= 48 0 -
12 (TN) 1 8.33% 
12 (AL) 0 -
Bedding 1 & 12 (CA) 0 -
Bedding 2 12 <WA) 0 --
Overall= 48 1 2.08% 
Environmental 
Samples 
Feed Samples 48 2 -
Soil Samples 48 0 -
Bedding Samples 48 1 2.08% 
Overall = 144 3 2.08% 
1 TN, Tennessee farm; AL, Alabama farm; CA, California farm; & WA, Washington farm
2 Percent Positive = # of positive samples / total # of samples x1oo 
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Also, one E. coli O157:H7 was isolated from a bedding sample (TN). The dairy 
environmental samples had an overall occurrence of 2.08% (3 of 144) for E.coli
O157:H7. 
Other studies have reported the occurrence of E. coli 0157 in dairy cattle. 
E. coli 0157 has been found to be positive in fecal samples at 3.4% n=1,840
(Rice et al. 1997), 1.0% n=10,832 (Hancock et al. 1997b), 2.3% n=1,097 
(Hancock et al., 1998), 16.1 % n=1,661 (Chapman et al. 1997) and 1.2% n=4,361 
(Garber et al. 1999). 
Background microflora 
Data on background microflora for each that was for E.coli O157:H7 are 
shown in Table 3.2. The E. coli O157:H7 positive samples were high in APC, 
total coliform and total E. coli counts for all rectal swabs. The background 
microflora for positive bedding sample and feed ranged from less than log 1 
CFU/g to >log 8 CFU/g. The fecal streptococci varied between log 4.3 CFU/g to 
> log 8.0 CFU/g depending on sample type.
Seasonality of E.coli 0157:H7 from dairy cattle isolates 
Seasonality of E. coli O157:H7 isolates from dairy cattle was observed 
over a 22-month period. Figure 2 shows the occurrence of E. coli O157:H7 for 
rectal swabs, feed, and bedding for all states by season. The highest isolation of 
E.coli O157:H7 was found in the summer and winter in rectal swabs followed by
fall. Occurrence of E. coli O157:H7 was sporadic. Persistence of E. coli
O157:H7 was only seen once over three seasons, the fall 02, winter 03 and 
summer of 2003. 
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Table 3.2: Aerobic Plate Counts (APC), Total Coliform, Total E. coli, and Fecal 






Total E. coli 
Streptococcus! 
Sample type 
LOQ10 CFU/g or swab 
Tennessee-Dairy 
Period# 1 * Collection date: 8/27/02 (Summer 2002) 
-Swab 10.5 8.1 7.8 7.4 
-Bedding 2 8.2 6.9 4.7 4.3 est. 
Period# 3 Collection date: 3/17 /03 (Winter 2003) 
-Trough
6.4 <1.0 est. <1.0 est. 5.7 silage
Alabama-Dairy 
Period# 2 Collection date: 12/10/02 (Fall 2003) 
-Swab 9.4 7.3 7.2 7.2 
Period# 3 Collection date: 4/16/03 (Spring 2003) 
-Swab 10.2 9.7 9.1 6.0 
Period# 4 Collection date: 7/10/03 (Summer 2003) 
-Swab 10.0 9.9 9.6 7.2 
California-Dairy 
Period# 2 Collection date: 1 /16/03 (Winter 2003) 
-Swab 10.3 9.4 9.1 8.4 
Period# 4 Collection date: 8/14/03 (Summer 2003) 
-Swab 9.8 9.5 9.1 7.1 
Period# 6 Collection date: 4/14/04 (Sprina 2004) 
-Swab 9.7 9.3 9.2 8.3 
Washington-Dairy 
Period# 1 Collection date: 10/29/02 (Fall 2002) 
-Fresh Silage 5.0 2.8 <2.0 est. 1.6 est. 
Period# 2 Collection date: 2/25/03 (Winter 2003) 
-Swab 9.4 6.5 6.5 6.1 
Overall Negative **
-Swab 9.4 8.4 8.0 7.0 
Bedding 2 7.7 5.5 4.7 4.6 
Fresh Silage 6.3 3.7 1.9 4.6 
TroughSilage 6.5 3.3 2.5 2.7 
* Period refers to sampling period.
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Figure 2: Seasonality and occurrence of E.coli 0157:H7 in rectal swabs 
(n=408), feed (n=48), and bedding (n=48) from dairy cattle. 
The occurrence of E.coli O157:H7 in beef cattle from our study was 
4.65% and the average for other studies reported was 5.9% (range of 1.2 % to 
13.4%) by Chapman et al (1997), Hancock et al (1998), Rice et al (1995), 
Sargeant et al (2000), Hancock et al (1997c), Thran et al (2001), Sargeant et al 
(2003), Heuvelink et al (1997). The occurrence of E.coli O157:H7 for dairy cattle 
from our study was 3. 92% and the average for other studies reported was 4.23% 
(range of 1.0% to 16.1%) by Chapman et al (1997), Hancock et al (1998), 
Hancock et al (1997b), Rice et al (1997), Garber et al. (1999) and Hancock et al 
(1997a). 
· The reports on occurrence of E.coli O157:H7 in beef cattle and their farm
environment varies among research studies. Our reported isolation was slightly 
less for cattle than the average of other studies. E. coli 0157 was sporadic 
among feedlot cattle and with a low occurrence (Hancock et al. 1997b ). Our 
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study showed similar results since E. coli O157:H7 isolated sporadically with no 
particular association between sampling periods. Sargeant et al. (2003) tested 
for E. coli 0157 from beef cattle fecal pats during the summer months and 
concluded that E. coli 0157 prevalence was much higher than reported in 
previous studies for cattle (Hancock et al., 1994, 1997). During the warmer 
months of the year E. coli O157:H7 was reported to have a higher occurrence in 
cattle and lower occurrence during colder months (Hancock et al. 1997c).Our 
results showed the E. coli O157:H7 to be isolated at greater frequency for beef 
cattle during the fall and for dairy cows during the summer and winter. 
Occurrence of E. coli 0157:H7 from swine and their environment 
Rectal swabs and environmental samples from four swine farms, located 
in Tennessee, North Carolina, California, and Washington were tested for E. coli
O157:H7. Occurrence of E.coli O157:H7 from rectal swabs and environmental 
samples is presented in Table 4.1. E. coli O157:H7 was recovered readily from 
rectal swabs and environmental fecal samples. E. coli O157:H7 was found in 
rectal swabs from every state tested. One E. coli O157:H7 isolate (<1 %) was 
found from a rectal swab sample at the Tennessee swine farm. E. coli O157:H7 
was isolated from 5.0% (6 of 120) of rectal swabs from the North Carolina farm; 
9.8% (10 of 102) from the California farm; and 20.58% (21 of 102) from the 
Washington farm. 
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Table 4.1: Occurrence of E.coli O157:H? from swine (rectal swab) and 
en vironmental samples by states (USDA Project) 
Swine Total # of Positive Percent 
Samoles Samoles Positive
2
102 (TN) 1 1 0.98% 
120 (NC) 6 5.0% 
102 (CA) 10 9.8% 
Rectal Swabs 102 <WA) 21 20.58% 
Overall = 426 38 8.92% 
6 (TN) 0 -
6 (NC) 0 -
6 (CA) 0 -
Fresh Feed 6 (WA) 2 33.33% 
Overall= 24 2 8.33% 
6 (TN) 0 -
6 (NC) 0 -
6 (CA) 0 -
Trough Feed 6 (WA) 1 16.66% 
Overall= 24 1 4.16% 
12 (TN) 0 -
12 (NC) 0 -
Soil 1 & Soil 2 
12 (CA) 0 -
12 <WA) 0 -
-
Overall= 48 0 -
12 (TN) 1 8.33% 
12 (NC) 5 41.66% 
Feces 1 & 12 (CA) 4 33.33% 
Feces 2 12 (WA) 0 --
Overall= 48 10 2,0.83% 
Environmental 
Samples 
Feed Samples 48 3 6.25% 
Soil Samples 48 0 -
Feces Samples 48 10 20.83% 
Overall = 144 13 9.02% 
1 TN, Tennessee farm; NC, North Carolina farm; CA, California farm; & WA, Washington farm 
2 Percent Positive=# of positive samples/ total# of samples x100 
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The overall isolation rate of E. coli O157:H7 in swine rectal swabs was 
8.92% (38 of 426). Two E. coli O157:H7 isolates were found in fresh swine feed 
and one isolate from a swine feed bunk (old feed) sample from Washington. No 
E. coli O157:H? were found in swine soil samples. E. coli O157:H7 was isolated
from environmental feces samples from Tennessee, North Carolina, and 
California. 
No E. coli O157:H7 were found in the Washington environmental floor 
samples. The Washington farm did not feed out of a feed bunk. The feed was 
spread across the ground and the farm representative said "the swine eat in this 
area and go down a small hill and use the restroom. He said "the animals do not 
use the restroom on their food." The feeding area was where the environmental 
floor samples were collected. Observations of incoming sample containers from 
the Washington swine farm showed that it smelled of swine feces but looked like 
feed. Since E.coli O157:H7 were found in the rectal swabs for Washington 
(20.58%) and not the environmental floor samples it is possible that this 
management style could reduce environmental contamination by enteric 
pathogens such as E. coli O157:H7. 
Other studies have reported isolation rates of E. coli 0157 from fecal 
samples from swine as 0.4% n=1,000 (P.A. Chapman et al.1997) in Great 
Britian, 1.4% n=145 (Heuvelink 1999) in Netherlands, 2% n=305 (Feder et al. 
2004) in United States and 1.4% n=221 (Nakazawa et al. 1999) in Japan. 
Nakazawa et al. (1999) stated "so far, pork has not been identified as a source of 
human STEC O157:H7 illness in industrialized countries, but our results indicate 
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that eating pork, contact with pigs, and contamination with pig feces should be 
considered potential sources of this pathogen." Our data showed that 
occurrence of E. coli 0157:H7 is much higher in United States swine population 
than was previously reported. 
Background· microflora 
Our more extensive survey of E. coli 0157:H7 in United States swine 
clearly shows that swine are significant source for E. coli 0157:H7. The 
background microflora for each E. coli 0157:H7 isolate sample is shown in Table 
4.2. The E. coli 0157:H? positive samples were high (log 9.0 CFU/g to > log 10 
CFU/g) in APC, total coliform, and total E. coli counts for all rectal swab samples. 
The feces samples varied greatly (log 3.4 CFU/g to > log 8.9 CFU/g) in APC, 
total coliform, and total E. coli counts. The fecal streptococci counts ranged 
between 5.1 CFU/g and 7.7 CFU/g for all positive samples. 
Seasonality of E. coli 0157:H7 from swine isolates 
Seasonality of E. coli 0157:H7 in swine was observed over a 22 month 
period. In Figure 3 the overall seasonality of E. coli 0157:H7 indicates the 
highest frequency was found in summer and fall followed by the spring. The E.
coli 0157: H7 isolated from swine environmental fecal samples were from all four 
seasons of the year and 7 of the 8 seasons had at least one E.coli 0157:H7
isolated (figure 4). The highest E. coli 0157:H7 isolation rates from swine 
samples were in the fall and summer followed by winter and spring. 
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Table 4.2: Aerobic Plate Counts (APC), Total Coliform, Total E. coli, and Fecal 
Streptococcus (KF enterococcal) Counts for E. coli O157:H7 positive swine 





Total E. coli 
Streptococcus 
Sample type 
LoQ10 CFU/g or swab 
Tennessee-Swine 
Period# 1 
Collection date: 8/21/02 (Summer 2002) 
* 
-Feces 2 7.9 4.1 3.8 5.1 est. 
Period# 4 Collection date: 6/16/03 (Spring 2003) 
-Swab 9.4 9.3 8.7 7.7 
North Carolina-Swine 
Period# 1 Collection date: 12/16/02 (Fall 2002) 
-Feces 1 7.9 7.7 6.7 5.2 est. 
Period# 2 Collection date: 4/16/03 (Spring 2003) 
-Feces 1 10.4 7.3 7.1 7.0 
Period# 3 Collection date: 7 /10/03 (Summer 2003) 
-Swab 10.1 9.7 9.7 6.3 
-Feces 1 7.7 7.6 7.3 6.6 
-Feces 2 7.5 7.3 7.3 6.4 
Period# 4 Collection date: 10/08/03 (Fall 2003) 
-Swab 9.0 8.6 8.4 7.2 
-Feces 1 8.9 5.9 5.9 6.4 
Period# 5 Collection date: 3/01/04 (Winter 2004) 
-Swab 9.6 9.1 8.9 7.7 
Period# 6 Collection date: 5/12/04 (Spring 2004) 
-Swab 8.6 8.3 7.9 7.1 
California-Swine 
Period# 1 Collection date: 10/14/02 (Fall 2002) 
-Swab 9.4 9.4 9.2 6.5 
Period# 2 Collection date: 1/21/03 (Winter 2003) 
-Swab 8.3 8.0 7.5 6.8 
-Feces 1 6.8 4.1 3.4 6.0 
- Feces 2 6.9 4.0 3.9 6.3 
Period# 3 Collection date: 5/06/03 (Spring 2003) 
-Swab 9.8 9.7 9.2 7.3 
Period# 4 Collection date: 8/14/03 (Summer 2003) 
-Swab 9.9 9.8 9.8 7.6 
55 








Log10 CFU/g or swab 
California-Swine 
Period# 5 Collection date: 10/30/03 ( Fall 2003) 
-Swab 9.2 9.1 8.9 6.8 
- Feces 2 7.3 7.1 6.4 6.1 
Period# 6 Collection date: 4/19/04 (Spring 2004) 
- Feces 1 9.2 7.9 7.7 6.6 
Washington-Swine 
Period# 2 Collection date: 2/18/03 (Winter 2003) 
-Swab 9.6 9.4 9.2 5.9 
Period# 3 Collection date: 5/29/03 (Spring 2003) 
-Swab 10.5 9.9 8.5 5.9 
Period# 4 Collection date: 9/02/03 (Summer 2003) 
-Swab 9.6 9.4 9.0 6.9 
- Fresh feed 4.2 4.1 3.8 <2.0 est. 
- Trough feed 5.8 5.0 3.3 <2.0 est. 
Period# 5 Collection date: 12/01/03 (Fall 2003) 
-Swab 7.4 5.6 5.3 5.5 
- Fresh feed 4.2 2.3 1.3 3.0 
Period# 6 Collection date: 4/29/04 (Spring 2004) 
-Swab 9.5 9.2 8.1 7.1 
Overall Negative **
-Swab 9.2 8.9 7.7 7.3 






- Feces 8.0 5.6 5.5 6.0 
* Period refers to sampling period.
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Figure 3: Seasonality and occurrence of E. co/i0157:H7 in rectal swabs 
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Figure 4: Seasonality and occurrence of E. coli 0157: H7 in environmental 
fecal samples ( n=48) from swine. 
57 
The occurrence of E.coli O157:H? for this study was 8.9% from swine 
rectal swabs. Very little research has been done previously on determining the 
occurrence of E.coli O157:H? in swine in the United States. These data show 
that E.coli O157:H? can be isolated readily from swine throughout the year. 
Three farms (CA, NC, WA) had farrowing operations (sows). The high isolation 
rate of E.coli O157:H? in farrowing swine has important implications since there 
is a potential for transmission of E.coli O157:H7 to baby pigs which may spread 
E. coli O157:H7at animal markets.
Occurrence of E. coli 0157:H7 from chicken and their environment 
Rectal swabs and environmental samples from three chicken farms were 
analyzed for E.coli O157:H?. These farms were located in Tennessee, North 
Carolina, and Washington. Occurrence of E.coli O157:H? in animal rectal 
swabs and environmental samples for chickens was very low (Table 5.1 ). The 
overall occurrence in rectal swabs from chickens for E.coli O157:H? was <1% (3 
of 324). There were two E.coli O157:H? isolated (TN & WA) from fresh feed 
samples and two isolated from old (feeder) (TN & WA). No isolates were found 
in soil or litter samples at poultry farms. 
A study by Chapman et al. (1997) tested rectal swab samples from 1000 
chickens after slaughter for E.coli O157:H? and found none. Occurrence of E.
coli O157:H? in chickens was low (<1 %) but the occurrence in feeds was quite 
high which indicates a high probability that chicken feeds are a potential source 
for contamination by E.coli O157:H? in chickens. 
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Table 5.1: Occurrence of E. co/iO157:H7 from poultry (rectal swab) and 
environmental samples by states (USDA Project) 
Poultry 
Total Sam�les 
# of Positive 
Samoles 
Rectal Swabs 102 (TN) 1 0 
(Chicken) 120 (NC) 1 
102 (WA) 2 
Rectal Swab 
120 (NC} � (Turkey) 
Rectal Swabs Overall = 444 12 
Fresh Feed 6 (TN) 1 
(Chicken) 6 (NC) 0 
6 (WA) 1 
Fresh Feed 
6 (NC} Q (Turkey) 
Fresh Feed Overall= 24 2 
Feeder (Chicken) 6 (TN) 1 
6 (NC) 0 
6 (WA) 1 
Feeder (Turkey) 6 (NC) 0 
Feeder Overall= 24 2 
Soil 1 & Soil 2 12(TN) 0 
(Chicken) 12 (NC) 0 
12 (WA) 0 
Soil 1 & Soil 2 
12 (NC} Q (Turkey) 
Soil 1 & Soil 2 Overall= 48 0 
Litter 1 & Litter 2 12(TN) 0 
(Chicken) 12 (NC) 0 
12 0/\/A) 0 
Litter 1 & Litter 2 
12 (NC} Q (Turkey) 
Litter 1 & Litter 2 Overall= 48 0 
l TN, Tennessee farm, NC, North Carolina farm & WA. Washin�on farm
































Occurrence of E.coli 0157:H7 from turkey and their environment 
Rectal swabs and environmental samples were analyzed for E. coli 
O157:H7 from on turkey farm, located in North Carolina. The rectal swabs were 
the only sample-type that E. coli O157:H7 was isolated from on turkey farms. 
The environmental samples were negative for E.coli O157:H7. The turkey rectal 
swabs from the North Carolina farm had an occurrence of E. coli O157:H7 at 
7 .5% (9 of 120). No feed, soil, or litter samples from the turkey farm tested 
positive for E. coli 0157:H?. 
A study done by Heuvelink et al. (1999) tested 459 feces samples from 
turkey and found 6 (1.3%) E. coli 0157. Heuvelink et al. (1999) concluded that 
turkey could be a source of potential pathogenic E. coli 0157. 
Background microflora 
Data on background microflora for each positive E. coli O157:H7 sample 
is shown in Table 5.2. The E. coli O157:H7 positive samples were high in APC, 
total coliform, and total E. coli counts for all rectal swab samples at a range of log 
7.7 CFU/g to log 9.6 CFU/g. The fecal streptococci counts ranged between log 2 
CFU/g to log 8.4 CFU/g. The E. coli O157:H7 positive feed samples were low 
(log 1 CFU/g to log 6.0 CFU/g) in APC, total coliform, total E. coli, and Fecal 
Streptococcus counts. 
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Table 5.2: Aerobic Plate Counts (APC), Total Coliform, Total E.coli, and Fecal 
Streptococcus (KF enterococcal) Counts for E.coli O157:H7 positive poultry 













Period# 4 Collection date: 10/14/03 {Fall 2003) 
- Trough feed 6.8 2.9 2.3 5.1 
Period# 6 Collection date: 5/28/04 {Spring 2004) 
-Fresh feed 4.3 <1.0 est. <1.0 est. 2.3 est. 
North Carolina-Chicken 
Period# 3 Collection date: 7/14/03 {Summer 2003) 
-Swab 9.1 8.5 8.4 8.0 
Washington- Chicken 
Period# 1 Collection date: 10/31/02 (Fall 2002) 
-Swab 9.1 8.2 7.7 3.2 est. 
Period# 4 Collection date: 9/03/03 {Summer 2003) 
-Swab 9.4 9.2 9.0 8.4 
-Fresh feed 5.0 4.9 3.5 <2.0 est. 
- Trough feed 6.0 5.4 3.4 2.0 est. 
North Carolina- Turkey 
Period# 3 Collection date: 7/10/03 {Summer 2003) 
-Swab 9.0 8.3 8.3 6.2 
Period# 4 Collection date: 10/08/03 {Fall 2003) 
-Swab 8.8 8.4 8.3 7.3 
Period# 5 Collection date: 3/01/04 {Winter 2004) 
-Swab 9.6 9.5 8.9 7.4 
Overall Negative **
-Swab 9.1 8.2 7.7 7.1 
-Fresh Feed 5.5 3.7 2.3 4.0 
-Trough Feed 6.2 4.1 2.0 4.2 
* Period refers to sampling period.
** Overall Negative - average of other samples from sampling periods
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Seasonality of E.coli 0157:H7 from poultry isolates 
Seasonality was observed over a 22 month period. E.coli O157:H7 
occurrence in chicken and environmental samples was low and sporadic 
throughout the spring, summer (figure 5). E.coli O157:H7 was found frequency 
in turkeys in the winter of 2004 followed by the summer 03 and fall 03, 
respectfully. 
Very few research studies have reported on the occurrence of E. coli
O157:H7 in poultry. Our study found E.coli O157:H7 in poultry sporadically. No 
trends could be identified among poultry farms by sampling period. Heuvelink et 
al (1999) reported the occurrence of E.coli O157:H7 in poultry (n=459) to be 
1.3% and one of the isolates contained the verocytotoxin gene. We reported the 
occurrence of E.coli O157:H7 in poultry at 2.7% overall (>1% chicken and 7.5% 










0 2 4 6 
E. coli 0157:H7 Positive Sa111>les
1• NC-Rectal Swab (Tll'key) 
• TN-Fresh Feed (Chicken)
• TN-Feeder (Chicken)
• NC-Rectal Swab (Chicken)
D WA-Rectal Swab (Chicken) 
• WA-Fresh Feed (Chicken)
WA-Feeder (Chicken)
Figure 5: Seasonality and occurrence of E.coli 0157:H7 in rectal swabs 
(n=444) and feed (n=48), and from poultry. 
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Since isolation rate of E.coli 0157:H7 was low, E.coli 0157:H7 
potentially was sporadic and at low levels of occurrence throughout poultry 
flocks. E.coli 0157:H7 was found in several feed samples for chickens which 
potential could lead to possible transmittance to the chickens but the source was 
unknown. The virulence potential of theses E. coli 0157:H7 isolates found 
through this study has yet to be determined but according to Heuvelink et al 
(1999) that poultry can carry verocytotoxin producing E. coli 0157:H7 which has 
the ability to cause illness in humans. 
Studies are currently underway in our laboratory to characterize virulence 
genes and their expression in isolates obtained in this E. coli 0157:H7 study. 




The occurrence of E. coli 0157:H7 was widespread and sporadic from all 
farms (n=16) and animal types. E.coli 0157:H7 was found in feed samples from 
cattle, swine, and chicken farms which indicates possible transmission of E. coli
0157:H7 through food to animal and visa versa. Isolation of E.coli 0157:H7 
from swine rectal swabs and feces was persistent throughout the seasons being 
sampled for three of the four farms (CA, NC, and WA). For optimal recovery, a 
rectal swab was a good representative sample for isolating E. coli 0157:H7 from 
any of the animal types. The occurrence of E. coli 0157:H7 in swine and turkey 
was surprisingly high which indicates that swine and turkey may serve as 
unexpected vectors for food borne outbreaks from E. coli 0157:H7. 
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Part Ill: Comparison of E. coli 0157:H7 isolates from Diverse 
Farm Environments in Five States based on ribosomal DNA and 
chromosomal DNA patterns 
68 
Abstract 
Pulsed field gel electrophoresis for many years has been the method of 
choice for molecular analysis on E. coli 0157:H7 isolates. The riboprinter® 
characterizes bacterial cultures based on ribosomal DNA patterns. The objective 
of this study was to evaluate diversity of animal and environmental isolates of E.
coli 0157:H7 (n=88) from different animal species (cattle, swine, and poultry), 
across four seasons and from different geographical regions in the United States. 
These E. coli 0157:H7 isolates were ribotyped (ribosomal DNA) and PFGE 
(DNA) to determine relationships among isolates based on the isolates band 
patterns by degree of similarity. 
Our data showed that the Dupont Qualicon Riboprinter® distinguished 
between 32 different ribotype groups using 88 E. coli 0157:H7 isolates from 5 
states and 16 farms in the United States over a 22 month sampling period. The 
PFGE data also showed a great amount of genetic diversity amongst the E.coli
0157:H7 isolates and 30 different PFGE groups were identified. Large PFGE 
groupings based on animal type and location were noticed among cattle (0 and 
J), turkey (Y) and swine (A, G, K, and P) E. coli 0157:H7 isolates. Both 
riboprinting and PFGE analysis provided very useful information on this large and 
diverse collection of E. coli 0157:H7 isolates. The combined data was able to 
show genetic lineages based on geographic locations and animal types from a 
diverse set of E. coli 0157:H7 isolates. 
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Introduction 
E. coli O157:H7 has been identified as the causative agent of food borne
disease to people from eating contaminated ground beef, which has resulted in 
many outbreaks across the United States. Standard methods of testing for E.
coli O157:H7 have been performed for many years based on E.coli O157:H7's 
serotype structure in order to isolate and identify this organism; however the use 
of molecular techniques has increased our ability to study the diversity of this 
bacterium. The Centers for Disease Control (CDC) created Pulse-Net to have a 
network of collaboration between state and local health departments across the 
United States for sub-typing food borne pathogens (CDC 2004). Pulsed field gel 
electrophoresis (PFGE) has become the DNA fingerprint analysis method of 
choice for finger printing strains of E. coli O157:H? for Pulse-Net (CDC 2004). 
PFGE offers many advantages such as its ability to type a broad variety of 
bacteria, standardization from one laboratory to another and its usefulness to 
determine genetic relatedness among isolates for epidemiological investigations 
(Swaminathan and Matar 1993). PFGE is recognized as the gold standard for 
comparing genetically diverse E. coli O157:H7 isolates. However, many other 
molecular techniques have developed over the years. Automated ribo-typing 
which is performed using a Riboprinter ® (Qualicon, Dupont Inc., Wilmington, 
DE) has been shown to be useful in categorizing bacteria into genera based on 
ribosomal DNA (James 1996). Early studies using non-automated ribo-printing 
for clinical isolates reported that ribo-typing was not a good technique for 
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discrimination among isolates of E. coli O157:H7 (Martin et al. 1996). Grif et al., 
(1998) evaluated 47 human, food and veterinary isolates of E.coli O157:H? and 
reported that the 4 7 isolates were categorized into 5 ribo-groups using 
automated ribo-printing. Hahm et al. (2003) reported that ribo-typing results 
showed similar trends to other DNA fingerprinting methods. However, they found 
little diversity in E. coli O157:H7 isolates (n=54) compared to the Dupont 
Qualicon Database. 
Using molecular techniques, LeJeune et al. (2004) evaluated transmission 
of E. coli O157:H7 in feedlot cattle. They found that specific molecular subtypes 
were often associated with livestock operations over entire feeding periods which 
pointed to the environment as a reservoir of E.coli O157:H7 since new animals 
were constantly being brought into the operation (LeJeune et al. 2004). Cattle, 
deer and sheep have frequently been implicated as carriers of E. coli O157:H7 
and numerous studies have documented the isolation of E.coli O157:H7 from 
these animals and their environment (Buchanan and Doyle 1997). However, 
occurrence of E. coli O157:H7 in other species such as swine and poultry has not 
been considered a serious risk. Doane et al. (2004) reported recently that E.coli
O157:H7 was more frequently isolated from swine and turkey than from cattle. 
More epidemiological information is needed on E. coli O157:H7 to improve our 
knowledge of potential reservoirs of E. coli O157:H7 on the farm. This study was 
undertaken to evaluate diversity of animal and environmental isoilates of E. coli
O157:H7 (n=88) from different animal species (cattle, swine and poultry), across 
four seasons and from different geographical regions in the United States. 
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Material and Methods 
Strains tested 
E. coli 0157:H7 isolates (n=88) were obtained during a USDA funded
project that was conducted between 2002-2004 involving 16 farms across the 
United States (Alabama, California, North Carolina, Tennessee and Washington). 
The farms included four dairy production facilities, four beef cattle operations, 
four swine operations, three broiler or layer chicken operations and one turkey 
farm. Isolates of E. coli 0157:H? represented both animal (fecal) and 
environmental samples such as feed, bedding and soil. The 88 isolates were 
taken from the following farms: beef cattle (n=16), dairy cows (n=17), swine 
(n=42), chicken (n=6) and turkey (n=7). The research was conducted at The 
University of Tennessee Food Safety Center of Excellence in Knoxville, 
Tennessee. 
Ribopri nter® 
Riboprinting was conducted using the Riboprinter® system by Qualicon 
(Dupont Inc. Wilmington, DE) which is an automated system for analysis of 
ribosomal DNA. In preparation, for ribo-printing, the E. coli 0157:H? isolates 
were grown on BHI plates (Difeo, Sparks, MD) and one bacterial colony of each 
culture was placed into a sample carrier with buffer. Heat was applied and lysing 
agents (A & B) were added and sample was placed in the Riboprinter® system 
for analysis. The restriction enzyme used for all isolates was EcoR 1. The Ribo-
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printer's library had ribosomal band patterns of E. coli and E. coli O157:H7, 
however only two strains of E. coli O157:H7 were available for comparison. 
Band patterns were analyzed based on degree of similarity using molecular 
analyst software version 1.6 (Bio-Rad Laboratories, Hercules, CA) to generate 
the dendrogram. 
Pulsed-Field Gel Electrophoresis (PFGE) 
PFGE was performed using a modification of the procedure designed by 
Gautam (1997) for molecular subtyping E.coli O157:H7. Salmonella Braenderup 
was used as a control standard for all PFGE work as recommended by ATCC to 
be able to compare band length and weight with from one gel to another. 
For PFGE, the E. coli O157:H7 isolates (n=88) and the control organism 
Salmonella Braenderup were inoculated into BHI broth (Difeo, Sparks, MD) and 
incubated overnight at 37°C. E. coli O157:H7 isolates and Salmonella
Braenderup were streaked onto BHI plates (Difeo, Sparks, MD) and incubated 
overnight at 37°C. E. coli O157:H7 growth was transferred to� ml of cell 
suspension TE buffer (100 mM Tris and 100 mM EDTA pH 7.5) to achieve 20% 
bacterial transmittance using a colorimeter (bioMerieux, Durham, NC). The 
sample was vortexed and bacterial suspension (200 ul) for each E. coli O157:H7 
isolate was added to 1.5 ml microcentrifuge tubes. Proteinase K (10 µI of 
20mg/ml stock) was added to each microcentrifuge tube and mixed gently by 
pipeting. An Aqueous (1.6%) lnCert/SDS agrarose solution (200µ1) 
(BioWhittaker Molecular Applications, Rockland, ME) was added to bacteria in 
microcentrifuge tubes and pipetted gently to avoid air bubbles. After mixing, the 
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bacteria and agarose mixture was pipetted into plug molds (BioRad, Hercules, 
CA, USA). Two plugs were made per isolate and four plugs were prepared for 
the Salmonella Braenderup control. Plugs were allowed to solidify for 15 minutes 
at room temperature. Plugs for each isolate with 1.5 ml of ES buffer (0.5 M 
EDTA, pH 9.0: 1 % sodium-lauroyl-sarcosine) and 40 µI of proteinase K (20 
mg/ml stock solution) were added to round bottom tubes, sealed and incubated 
in a 55°C shaker bath for 45 minutes to one hour with tubes being completely 
submerged in water. After incubation the specimen plugs were transferred to 
pre-numbered BioRad(Bio-Rad Laboratories, Hercules, CA) screen caps for 
washing. Sterile water was placed in the capped PVC tube and placed in a 
shaking water bath for 15 minutes at 50°C followed by three washes of Plug 
Wash TE buffer for 15 minutes each. The plugs were stored in 2 mis of Plug 
Wash TE buffer at 4°C until ready for restriction digestion. 
One of the two plugs was removed from the storage tube and placed onto a 
clean sterile glass slide. With a razor blade, 3 slices (1 mm wide) of each plug 
were cut and transferred to 1.5 ml tubes. A master mix was added to the 1.5 ml 
tube containing plug slices which included 86 µI of sterile distilled water, 10 µI of 
10X appropriate restriction enzyme buffer, 1 µI of BSA, and 3 µI (30 Units) of 
restriction enzyme Xba1 (BioWhittaker Molecular Applications, Rockland, ME). 
The plug slices and mix were incubated in a 37°C water bath for 1.5 hours. 
Afterwards the enzyme mix was removed from the sample and the plugs slices 
were stored in 0.5 ml of Plug Wash TE buffer at 4 °C until further analysis. 
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Agarose (1 %) SeaKem Gold (BioWhittaker Molecular Applications, Rockland, 
ME) gels were prepared using 0.5 X TSE buffer. Plug slices was aligned on the 
teeth of the comb in the appropriate order and allowed to attach to the comb for 
approximately 15-20 minutes. The comb was placed in the gel casting mold and 
the agarose was poured in. The gel was allowed to harden for 20 minutes, then 
the comb was removed, and the comb holes were filled with excess agarose. 
Electrophoresis of gels was conducted using CHEF-Mapper (Bio-Rad 
Laboratories, Hercules, CA) using the following conditions: run time 14 h, angle 
120 °·, gradient, 6.0 V/cm, temperature 14°C with linear ramping. 
Gels were stained with 1 drop of 10 mg/ml of Ethidium Bromide (Sigma 
Chemical Co. St. Louis, MS) in 500 ml of distilled water for 20 minutes at room 
temperature followed with two 20 minute washings in 500 ml distilled water. The 
gels were placed onto a UV light platform and the bands were photographed with 
type 55 Polaroid film (Polaroid Corp. Cambridge, MA). 
The relatedness of the band patterns for PFGE results was analyzed 
using the Molecular Analyst Software package version 1.6 (Bio-Rad Laboratories 
Hercules, CA) to generate the dendrogram. The dendrogram was created based 
on degree of similarity using the settings of correlated bands: tolerance 1 %, opt 
0 %, and minimum are 0.0% and UPGMA (unweighted pair group method using 




The ribosomal DNA bands of the E.coli O157:H7 isolates (n=88) were 
generated according to degree of similarity (figure 1 ). Overall, all E. coli
O157:H7 isolates were similar to each other by 27% similarity. The Riboprinter® 
dendrogram showed similar trends to PFGE for E.coli O157:H7 isolates. A line 
of similarity was drawn at 95% similarity that created 32 distinct ribotype groups 
(figure 1). There were many unique E.coli O157:H7 isolates based on ribosomal 
DNA, however 77% of the E. coli O157:H7 isolates fell into ribotype groups 
containing multiple isolates. 
Ribotype group 1 contained three turkey isolates that had identical 
patterns and one isolate was identified as ribotype group 5. All turkey farm 
ribotypes were isolated in the March 2004 sampling period and were not isolated 
before or after that sampling period. The source of the E. coli O157:H7 is 
unclear since it was not isolated from feed, litter, or soil. 
E. coli O157:H7 isolates in ribotype group 8 were a mixture of beef cattle
and dairy cow isolates from different states (TN, AL, CA, and WA) and one fresh 
feed isolate from a Washington dairy farm. This data indicated that similar 
isolates were common across the United States in the same animal species. 
The isolation of E. coli O157:H7 from the feed sample matching ribotype group 8 
is very significant since E. coli O157:H? is seldom isolated from feed. This may 
have been one of the vectors for contamination of beef cattle. 
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Figure 1: Analysis of 88 E. coli 0157:H7 isolates by ribotyping using restriction enzyme EcoR1. 
Correlation: Bands, Dice (Tolerance 1.0%, Opt 0.0%, Min Area 0.0%). Clustering: UPGMA 
* Isolate number, state, animal type, sample type, sampling date, & ribotype Qdentification left to
right). Dendrogram generated using the Molecular Analyst Software package version 1.6 (Bio­
Rad Laboratories Hercules, CA). Ribotype groups containing two or more isolates are shown in
color and single isolate rybotype groups are color1ess.
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There were no swine or poultry isolates that were classified in ribotype group 8. 
Temporally, ribotype group 8 isolates were identified over an 18 month time 
period between October 2002 and April 2004. On the same farm in California, 
ribotype group 8 was isolated several times between August 2003 and November 
2003 indicating that a source of E.coli O157:H? was available on the farm or that 
animals carried or transmitted the bacterium for at least a three month period. 
Shedding of E. coli O157:H? is generally considered transient in cattle (LeJeune 
et al. 2004), therefore, transmission of ribotype group eight E.coli O157:H? 
isolates probably occurred between animals through contact or water troughs 
(LeJeune et al 2001 ). 
A fairly large group of isolates (n=10) in ribotype group 23 were found 
transiently in Washington beef cattle during only one sampling period in 2003. 
One isolate from ribotype group 23 was also found transiently in California dairy 
cows in 2003. All were from rectal swabs since none of the environmental 
samples was positive for E.coli O157:H?. 
A large group of isolates (n=19) representing ribotype group 21 were from 
swine farms in California and Washington. There were no beef or poultry 
isolates found in ribotype group 21. One isolate from a North Carolina swine 
farm was also included in ribotype group 21. On at least one swine farm, E. coli
O157:H? was carried in the swine herd over three seasons. This particular swine 
farm was a furrowing operation, which has some important implications. First, 
the carriage of E. coliO157:H7 in sows may not be as transient as has been 
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reported in beef cattle. Second and even more important is that piglets when 
sold to feeder operations may carry E. coli O157:H? to other farms. This may 
explain the frequent isolation of this particular ribotype group throughout the 
Western Coastal United States. Ribotype group 21 was not isolated from feed or 
other environmental samples; therefore, transmissions were probably animal to 
animal or through insect vectors since sows are generally isolated from other 
adult animals during furrowing. 
Ribotype group 11 contained five isolates from a Washington swine farm 
(furrowing operation) and one isolate from a North Carolina turkey farm. Isolates 
were obtained between Feburary 2003 to September 2003. All isolates were 
from fecal or rectal samples. 
Ribotype group 26 contained three isolates from a California swine farm 
and three isolates from a North Carolina swine farm. California isolates were 
obtained in only one sampling period. However, North Carolina isolates were 
obtained between December 2002 and March 2004 indicating that E. coli
O157:H? was well established in the swine herd. 
All other isolates of E. coli O157:H? were classified into other specific 
ribotype groups containing only one to three isolates. Although six E. coli
O157:H? were obtained from swine or poultry feeds, none of these ribotype 
groups were identified in animal rectal or fecal samples. Therefore, no 
association could be drawn between contamination of feed supplies and 
transmission of E. coli O157:H? to swine or poultry. 
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PFGE Dendrogram 
Analysis of Xba1 restriction enzyme digests for 88 E. coli O157:H7 
isolates revealed 30 PFGE clusters. The PFGE dendrogram displayed 
significant heterogeneity among isolates: however, data showed very similar 
trends to the ribo-printing dendrogram (Figure 2). Seven major PFGE clusters 
were identified representing 56 E. coli O157:H7 isolates from fecal samples from 
swine, cattle, or poultry. None of the feed or bedding E. coli O157:H7 isolates 
were categorized into the seven major PFGE clusters. 
PFGE group Y that included the three turkey isolates, two of which were 
clonal. These three isolates were identical to E. coli O157:H7 isolates grouped 
by ribo-printing as ribotype group 1. 
E. coli O157:H7 isolates in PFGE group O were a mixture of beef cattle 
and dairy cow isolates from different states (TN, AL, CA, and WA) and one fresh 
feed isolate from a Washington dairy farm. This cluster of isolates showed a 
similarity of 56%. Isolates in the PFGE group O group were identical to isolates 
clustered in ribotype group 8. 
Eight E. coli O157:H7 isolates were found transiently in Washington beef 
cattle during only one sampling period in 2003 and were grouped into PFGE 
group J. Six of the eight isolates were clonal. These eight isolates were also 
included in ribotype group 23. All were from rectal swabs since none of the 
environmental samples was positive for E.coli O157:H7. Two E.coli O157:H7 
isolates, which were grouped, with these eight isolates by ribotype grouping were 
not included in the PFGE J group. 
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Figure 2: Analysis of 88 E. coli O157:H7 isolates by PFGE using restriction enzyme Xba1. 
Correlation: Bands, Dice (Tolerance 1.0%, Opt 0.0%, Min Area 0.0%). Clustering: UPGMA 
* Isolate number, state, animal type, sample type, sampling date, & libotype 0dentification left to
right). Dendrogram generated using the Molecular Analyst Software package version 1.6 (Bio­
Rad Laboratories Hercules, CA). PFGE groups containing two or more isolates are shown in
color and single isolate PFGE groups are colorless.
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A California dairy cow isolate was placed into the PFGE group Z and a 
Washington beef cattle isolate was identified as PFGE group H. Two clonal 
(PFGE group F) isolates of E. coli O157:H? were isolated from a Tennessee 
dairy farm, one from bedding, and one from rectal swabs. Although drinking 
water has been identified as a major source of transmission of E.coli O157:H? 
(LeJeune et al. 2001 ), it appears that environmental samples such as bedding 
may also serve as a reservoir for E.coli O157:H?. 
Four large clusters of isolates of E.coli O157:H? from swine farms were 
discovered by PFGE cluster analysis. All isolates were from rectal or fecal 
samples. PFGE group Kand PFGE group GE. coli O157:H? isolates (n=19) 
were all in ribotype group 21. These isolates were from swine farms in California 
and Washington. One isolate from swine on a North Carolina farm was also 
included in PFGE group G. E.coli O157:H? isolates in PFGE group P included 
isolates from ribotype group 26, 27, and 28. Geographically, isolates came from 
both the east and west coast and included California and North Carolina swine 
farms. PFGE group A contained E. coli O157:H? isolates from a swine farm in 
Washington and a turkey farm in North Carolina. All E.coli O157:H? isolates in 
PF GE group A were also contained in ribotype group 11. 
Overall, the ribotypes groupings were similar to PFGE groupings. There 
were 30 PFGE groups and 32 ribotype groups of E.coli O157:H?, which showed 
that there was extensive genetic diversity among the E.coli O157:H? isolates. 
The results indicated that the genetic lineage of E.coli O157:H? isolates related 
greatly to geographic location with a few exceptions. With 88 isolates of E. coli 
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O157:H7 from multiple animal species, five states and environmental samples, 
the genetic diversity is not particularly surprising considering the diversity of E.
coli O157:H7 isolated by other scientists from a single feedlot or farm ((LeJeune 
2004). The greatest diversity shown from the PFGE groupings was in isolates 
from poultry farms and feed samples. The single E. coli 0157: H7 isolate from a 
Tennessee swine farm (PFGE group BB) was unique and very distant on the 
dendrogram from other swine isolates. 
Although E. coli O157:H7 was isolated from feed samples, none of the 
feed isolates were similar to animal isolates with one exception. The dairy feed 
E. coli O157:H7 isolate that was isolated in October 2002 was in PFGE group 0.
Positive samples in dairy cows on the same dairy farm in PFGE group O were 
not isolated until February 2003. It is difficult to see how there could be an 
association between the positive dairy feed sample and the animal fecal sample 
on this farm since feeds would probably have been consumed within a few 
weeks. However, it cannot be a coincidence that the same molecular subtype 
occurred over a five month period on this dairy farm. Therefore, there must be a 
vector or a reservoir for E. coli O157:H7, which is still unknown for this farm. 
Occurrence of E. coli O157:H7 isolates by geographic location (state) is 
presented in Table 1 with molecular subtyping information by PFGE and ribo­
printing. For all states, except Alabama, E. coli O157:H7 was isolated from 
multiple animal species. For the six E. coli O157:H7 isolates from Alabama dairy 
cows, three PFGE groupings were identified (0, R and T). E. coli O157:H7 from 
Tennessee were obtained from beef, dairy, swine and chickens. 
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Number T e Collected Grou 
1 TN Beef Rectal Swab 12 11-02 8 0 
2 TN Beef Bedding Soil 2 12-02 24 Q 
3 TN Beef Rectal Swab 16 6-03 8 0 
4 TN Dairy Rectal Swab 2 9-02 18 F 
5 TN Dairy Bedding 2 9-02 18 F 
6 TN Swine Rectal Swab 11 6-03 22 BB 
7 TN Chicken Trough Feed 10-03 31 u 
8 TN Chicken Fresh Feed 5-04 3 X 
9 AL Dairy Rectal Swab 16 12-02 8 0 
10 AL Dairy Rectal Swab 14 4-03 25 R 
11 AL Dairy Rectal Swab 15 4-03 25 R 
12 AL Dairy Rectal Swab 2 7-03 8 0 
13 AL Dairy Rectal Swab 6 7-03 8 0 
14 AL Dairy Rectal Swab 17 7-03 18 T 
15 NC Swine Feces 1 12-02 26 p 
16 NC Swine Feces 1 4-03 26 p 
17 NC Swine Rectal Swab 17 7-03 15 C 
18 NC Swine Feces 1 7-03 12 s 
19 NC Swine Rectal Swab 17 10-03 21 G 
20 NC Swine Feces 1 10-03 27 p 
21 NC Swine Rectal Swab 7 3-04 13 M 
22 NC Swine Rectal Swab 9 3-04 26 p 
23 NC Swine Rectal Swab 4 5-04 28 p 
24 NC Swine Rectal Swab 15 5-04 30 D 
25 NC Turkey Rectal Swab 6 7-03 19 T 
26 NC Turkey Rectal Swab 10 7-03 11 A 
27 NC Turkey Rectal Swab 18 7-03 16 D 
28 NC Turkey Rectal Swab 1 3-04 5 w 
29 NC Turkey Rectal Swab 17 3-04 1 y 
30 NC Turkey Rectal Swab 18 3-04 1 y 
31 NC Turkey Rectal Swab 20 3-04 1 y 
32 CA Beef Rectal Swab 16 8-03 8 0 
33 CA Beef Rectal Swab 1 11-03 8 0 
34 CA Beef Rectal Swab 12 11-03 8 0 
35 CA Beef Rectal Swab 17 11-03 8 0 
36 CA Dairy Rectal Swab 8 1-03 20 B 
37 CA Dairy Rectal Swab 9 1-03 23 z 
38 CA Dairy Rectal Swab 10 1-03 20 B 
39 CA Dairy Rectal Swab 15 1-03 14 AA 
40 CA Dairy Rectal Swab 4 8-03 10 I 
41 CA Dai Rectal Swab 15 8-03 10 I 
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Table 1.1: Continued 
Isolate I State I Farm I Samele T�ee 
Number Txg_e 
42 CA Dairy Rectal Swab 8 
43 CA Swine Rectal Swab 1 
44 CA Swine Feces 1 
45 CA Swine Feces 2 
46 CA Swine Rectal Swab 8 
47 CA Swine Rectal Swab 1 
48 CA Swine Rectal Swab 1 
49 CA Swine Rectal Swab 5 
50 CA Swine Rectal Swab 8 
51 CA Swine Rectal Swab 10 
52 CA Swine Feces 2 
53 CA Swine Feces 1 
54 WA Beef Rectal Swab 1 
55 WA Beef Rectal Swab 3 
56 WA Beef Rectal Swab 5 
57 WA Beef Rectal Swab 14 
58 WA Beef Rectal Swab 15 
59 WA Beef Rectal Swab 17 
60 WA Beef Rectal Swab 18 
61 WA Beef Rectal Swab 19 
62 WA Beef Rectal Swab 20 
63 WA Dairy Fresh Feed 
64 WA Dairy Rectal Swab 16 
65 WA Swine Rectal Swab 1 
66 WA Swine Rectal Swab 2 
67 WA Swine Rectal Swab 7 
68 WA Swine Rectal Swab 8 
69 WA Swine Rectal Swab 9 
70 WA Swine Rectal Swab 11 
71 WA Swine Rectal Swab 20 
72 WA Swine Rectal Swab 2 
73 WA Swine Rectal Swab 9 
74 WA Swine Rectal Swab 11 
75 WA Swine Rectal Swab 13 
76 WA Swine Rectal Swab 17 
77 WA Swine Fresh Feed 
78 WA Swine Rectal Swab 9 
79 WA Swine Rectal Swab 10 
80 WA Swine Rectal Swab 15 
81 WA Swine Rectal Swab 16 
82 WA Swine Rectal Swab 17 
83 WA Swine Rectal Swab 20 
84 WA Swine Fresh Feed 
85 WA Chicken Rectal Swab 2 
86 WA Chicken Rectal Swab 19 
87 WA Chicken Fresh Feed 
88 WA Chicken Trough Feed 
I Date I R"b tv I Pulse Collected I o_ee Grouo 
4-04 8 0 
10-02 21 G 
1-03 29 E 
-1-03 21 G 
5-03 16 V 
8-03 21 G 
11-03 21 G 
11-03 26 p 
11-03 21 G 
11-03 26 p 
11-03 26 p 
4-04 32 N 
12-03 23 J 
12-03 23 J 
12-03 23 H 
12-03 23 J 
12-03 23 J 
12-03 23 J 
12-03 23 J 
12-03 23 J 
12-03 23 J 
10-02 8 0 
2-03 8 0 
2-03 11 A 
2-03 11 A 
6-03 11 A 
6-03 21 K 
6-03 11 A 
6-03 21 K 
6-03 21 K 
9-03 21 K 
9-03 21 K 
9-03 11 A 
9-03 21 K 
9-03 21 K 
9-03 4 L 
12-03 21 K 
12-03 21 K 
12-03 21 K 
12-03 21 K 
12-03 21 K 
12-03 21 K 
12-03 2 L 
10-02 17 Q 
9-03 9 M 
9-03 6 cc 
9-03 7 DD 
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Of eight isolates, six PFGE groupings were identified. E. coli O157:H7 isolates 
from North Carolina were obtained from swine and turkey and clustered into 10 
separate PFGE groups. The 21 E. coli O157:H7 isolates from California beef, 
dairy and swine farms and the 34 E. coli O157:H7 isolates Washington beef, 
dairy, swine and chicken farms were also clustered into 10 different PFGE 
groups. These data show that there was extensive genetic diversity in molecular 
subtypes among E. coli O157:H7 isolates within a state. However, as previously 
discussed, this diversity was primarily due to the differences among isolates from 
different animal types since large clusters of molecular subtypes of E. coli 
O157:H7 isolates (ie. PFGE group G, 0 and P) were associated with specific 
types of farm animals even several thousands of kilometers apart. 
Early studies on ribo-printing of E. coli O157:H7 by Martin et al. (1996) 
using the Pulsaphor found that ribo-printing of E. coli O157:H7 did not provide an 
adequate level of discrimination for 54 clinical isolates of E. coli O157:H7 using 
Nco/ restriction enzymes. Grif et al (1998) using the Qualicon Riboprinter® and 
EcoR1 and Pvu/1 restriction enzymes reported that five ribotype clusters were 
generated with 47 isolates of E.coli O157:H7 from 17 human clinical samples 
and 30 veterinary or food samples. They concluded that riboprinting did not 
differentiate sufficiently among the E. coli O157:H7 serotype to make conclusions 
regarding epidemiological relatedness since ribogrouping clustered a larger 
number of isolates than did PFGE. However, their ribotype group 7 and PFGE 
group A contained identical E. coli O157:H7 isolates which were obtained from 
food and clinical sources. 
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Our data showed that riboprinting using the Dupont Qualicon Riboprinter® 
distinguished between 32 different ribotype groups using 88 E. coli 0157:H? 
isolates from 5 states and 16 farms in the United States over a 22 month 
sampling period. The PFGE data also showed a great amount of genetic 
diversity amongst the E. coli 0157:H7 isolates and 30 different PFGE groups 
were identified. Riboprinting and PFGE cluster analysis showed that isolates 
were identical in matching ribotype and PFGE groups for 77% of E. coli 0157:H7 
isolates. The combined data was able to show genetic lineages based on 
geographic locations and animal types from a diverse set of E. coli 0157:H? 
isolates. Both riboprinting and PFGE analysis provided very useful information 
on this large and diverse collection of E. coli 0157:H7 isolates. Riboprinting was 
particularly useful in identifying similarities in genetic lineages by animal type. 
PFGE analysis not only confirmed the initial ribotype groupings but also further 
discriminated among E. coli 0157:H? by geographic origin. 
Interpretation of molecular subtyping patterns is continuously improving 
with new software packages, expanding molecular databases, new analytical 
equipment, and better diagnostic materials. Combinations of techniques such as 
PFGE and riboprinting offer powerful tools for investigating the epidemiological 
associations of E. coli 0157:H? from animals and farm environments. 
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Conclusion 
The Dupont Qualicon Riboprinter® distinguished between 32 different 
ribotype groups using 88 E. coli O157:H7 isolates from five states and 16 farms 
in the United States over a 22 month sampling period. The PFGE data also 
showed a great amount of genetic diversity amongst the E. coli O157:H7 isolates 
and 30 different PFGE groups were identified. Large PFGE groupings based on 
animal type and location were noticed among cattle (0 and J), turkey (Y) and 
swine (A, G, K, and P) E.coli O157:H7 isolates. Riboprinting was particularly 
useful in identifying similarities in genetic lineages by animal type. PFGE 
analysis not only confirmed the initial ribotype groupings but also further 
discriminated among E. coli O157:H7 by geographic origin. Both riboprinting 
and PFGE analysis provided very useful information on this large and diverse 
collection of E. coli O157:H7 isolates. The combined data was able to show 
genetic lineages based on geographic locations and animal types from a diverse 
set of E.coli O157:H7 isolates. 
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This was an United States Department of Agriculture (USDA) funded 
project over seen by Dr. Ann Draughon the Director of The Food Safety Center 
for Excellence at the University of Tennessee. This was an isolation study 
involving the testing and tracking of four Food-Borne Pathogens in sixteen farm 
environments across the United States. The Food-Borne Pathogens being 
tested for and by whom are as follows: Listeria Monocytogenes (David 
Rasmussen), Campylobacterspp. (Willy Taylor), Salmonella spp. (Andres 
Rodriguez), and E coli 0157:H7 (Andy Doane). Along with this study plate 
counting was performed for aerobic, coliform, fecal coliform, and streptococcus 
organisms. Dr. Harry Richards was coordinator of the sample collection and 
sampling periods between us and the farms. Dr. Phillipus Pangloli was 
supervisor, administrator of laboratory testing, designer of E. coli 0157:H7 and 
Salmonella spp. isolation protocols, and overseen the creation of our information 
database using Geographic Information Systems software. 
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Media Preparation 
Brain Heart Infusion Broth (BHI) - (Difeo/ Becton, Dickinson and Company), 
follow manufacturer's directions. For use dispense 5 ml of broth into small 
culture tubes. 
Buffered Glycerol - Prepare 0.1 M K2PO4 (1.7418g K2PO4 / 100ml H2O) 
Then adjust the pH to 7.0 with 0.1 M K2PO4 (1.3609g K2PO4 / 100ml H2O) 
Finally mix 40 ml of phosphate buffer with 60 ml of glycerol and sterilize. 
Cefixime-Tellurite Sorbital MacConkey Agar (CT-SMAC) - (Difeo/ Becton, 
Dickinson and Company), 50 g / follow manufacturer's directions. Sterilize 
at 121°C for 15 min, cool (-50oC). 
Add Cefixime - (Dynal), .05 mg/L 
Add Potassium Tellurite - (Dynal), 2.5 mg/L 
Pour into sterile Petri dishes for plating media. 
EHEC Enrichment Broth (EEB) - one liter of media 
Tryptic Soy Broth - (Difeo/ Becton, Dickinson and Company), 30 g 
Bile Salts No. 3 - (Difeo/ Becton, Dickinson and Company), 1.12 g 
Dipotassium phosphate dibasic (Fisher Biotech), 1.5 g 
1 L of Deionized water 
Mix following ingredients till dissolved and sterilize at 121°C for 15 min, 
cool (-50oC). Add the following antibiotics the day of use with a sterile 
filter and syringe. 
Add Vancomycin - (Sigma), 8 mg/L 
Add Celesofulodin - (Sigma), 1 O mg/L 
Add Cefixime - (Dynal), .0125 mg/L 
Stir and use. 
Escherichia coli Broth, modified, with Novobiocin (mEC+N) - one liter of 
media 
EC medium - (Difeo/ Becton, Dickinson and Company), 36.3 g / follow 
manufacturer's directions. 
Mix following ingredients till dissolved and sterilize at 121 °C for 15 min, 
cool (-50oC). Add the following antibiotics the day of use with a sterile 
filter and syringe. 
Add Novobiocin - (sigma), 20 mg 
Hemorrhagic Colitis (HC) - one liter of media 
Tryptone (Difeo/ Becton, Dickinson and Company), 20 g 
D-sorbital (Difeo/ Becton, Dickinson and Company), 20 g
NaCl - (fisher), 5 g
Bile Salts No. 3 - (Difeo/ Becton, Dickinson and Company), 1.12 g
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Agar - (fisher), 15 g 
Bromcreosol purple - (Difeo/ Becton, Dickinson and Company), .015 g 
1 L of Deionized water 
Mix following ingredients, boil for 5 min, and sterilize at 121°C for 15 min, 
cool (�50oC). Pour into sterile Petri dishes for plating media. 
lndole - (Difeo/ Becton, Dickinson and Company), reagent / strain dropper 0.5 
ml each 
Latex 0157 antiserum - (Difeo/ Becton, Dickinson and Company), follow 
manufacturer's directions. 
Latex H7 antiserum - (Difeo/ Becton, Dickinson and Company), follow 
manufacturer's directions. 
MacConkey Agar (MAC) - (Difeo/ Becton, Dickinson and Company), follow 
manufacturer's directions. Pour into sterile Petri dishes for plating media. 
Tryptic Soy Broth, modified, with Novobiocin (mTSB+N) - one liter of media 
Tryptic Soy Broth - (Difeo/ Becton, Dickinson and Company), 30 g 
Bile Salts - (Difeo/ Becton, Dickinson and Company), 1.12 g 
Dipotassium phosphate dibasic (Fisher Biotech), 1.5 g 
Mix following ingredients till dissolved and sterilize at 121°C for 15 min, 
cool (-50oC). Add the following antibiotics the day of use with a sterile 
filter and syringe. 
Novobiocin (sigma), 20 mg 
EC with MUG - one liter of media (MUG plates) 
EC medium with MUG (Difeo), 36.6 g 
Add Agar (fisher), 15 g 
Mix following ingredients, boil for 5 min, and sterilize at 121°C for 15 min, 
cool (-50oC). Pour into sterile Petri dishes for plating media. 
Simmons Citrate - (Difeo/ Becton, Dickinson and Company), follow 
manufacturer's directions. For use dispense 5 ml of agar into small 
culture tubes and rack into long slants. 
Tryptic Soy Agar (TSA) - (Difeo/ Becton, Dickinson and Company), follow 
manufacturer's directions. For use dispense 5 ml of agar into small 
culture tubes and rack into long slants. 
Tryptic Soy Broth (TSB) - (Difeo/ Becton, Dickinson and Company), follow 
manufacturer's directions. For use dispense 10 ml of broth into large 
culture tubes. 
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Preparation of Isolates for Frozen Storage 
Using BHI broth with Buffered Glycerol 
Growing pure isolates in 5 ml of BHI at 35°C - 37°C for 18 to 24 hours 
Transfer 1000 ul (1 ml) of each culture into a storage isolate vial 
Add 399 ul (0.3 ml) of sterile buffered glycerol into each vial 
Mix by shaking the vial and store at 70°C for long-term storage 
Universal Enrichment Broth - (Difeo/ Becton, Dickinson and Company), follow 
manufacturer's directions. For use dispense 10 ml of broth into large 
culture tubes. 
BBL Culture Swabs with Cary-Blair Agar - (Difeo/ Becton, Dickinson and 
Company) single swab, for fecal organisms 
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STOCK SOLUTIONS PFGE 
0.5 M EDTA pH 7.5, and pH 8.0 
Preparation: 
186.1 grams of Na2 EDTA-2H2O 
Disslove in 800 ml of distilled water 
Adjust pH to 7.5 or 8.0 with 10 N NaOH 
Dilute to 1000 ml with distilled water 
Autoclave for 15 minutes, store at room temperature 
1 M Tris HCI, pH 7 .5 
Preparation: 
12.1 grams Trizma base 
Dissolve in 650 ml of distilled water 
Adjust to 1000 ml with distilled water 
Autoclave for 15 min, store at room temperature 
20% sos
Preparation: 
20 grams of SDS 
Dilute in 100 ml of distilled water 
Store at room temperature 
1 OX TBE (Tris Borate EDTA) 
(0.9 M Tris base, 0.9 M Boric acid, 0.02 M EDTA pH 8.0) 
Preparation: 
108 grams Trizma Base 
55 grams Boric acid 
40 ml of 0.5 M EDTA, pH 8.0 
Dilute to 1000 ml with distilled water. 
Autoclave for 15 minutes, store at room temperature 




200 grams of NaOH 
Dissolve in 400 ml of Distilled water 
Cool solution to room temperature 
Dilute to 500 ml with distilled water 
Store at room temperature 
WORKING SOLUTIONS PFGE 
Cell Suspension TE (Tris-EDTA) Buffer 
(100 mM Tris pH 7.5 and 100 mM EDTA, pH .5) 
Preparation: 
10 ml of 1 M Tris, pH 7.5 
20 ml of 0.5 M EDTA, pH 7.5 
Dilute to 100 ml with sterile distilled water 
Filter sterilize, store at room temperature 
Plug Wash TE (Tris-EDTA) Buffer 
(10 mM Tris pH 7.5 and 1 mM EDTA, pH 7.5 
Preparation: 
10 ml of 1 M Tris pH 7.5 
2 ml of 0.5 M EDTA, pH 7.5 
Dilute to 1000 ml with sterile distilled water 
Filter sterilize, store at room temperature 
Proteinase K (20 mg/ml) 
Preparation: 
500 mg of Proteinase K 
Dilute to 25 ml with sterile distilled water 
Aliquot 700 ul per 1.5 ml microcentrifuge tube, and store at -20°C 
1.6 % lnCert/SDS Agarose Mix 
Preparation: 
0.16 grams of lnCert agarose 
Add to 10 ml of sterile distilled water 
Melt agarose in microwave (avoid boil over) 
Add 500 ul of 20 % SDS and mix well by inverting by hand. For 
initial use reheat if necessary, for subsequent uses, melt in 
microwave and cool to 55°C in water bath. Store at room 
temperature. 
ES Buffer 
(0.5 M EDTA, pH 9.0; 1% sodium-lauroyl-sarcosine) 
Preparation: 
93.05 grams of EDTA 
Add to 350 ml of warned distilled water in beaker with stir bar 
While stirring, add NaOH pellets until pH is 8.5, adjust to 9.0 with 
10 N NaOH 
Coad to room temperature and re-check and adjust pH if necessary 
Add 5 grams of sodium--lauroyl-sarcosine 
Adjust volume to 500 mis 
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Autoclave for 15 minutes, store at room temperature 
0.5 X TSE (Tris Borate EDT A) 
Preparation: 
110 ml of 10 X TBE 
Dilute to 2200 ml with distilled water 
1 % SeaKem Gold Agarose 
Preparation: 
1 gram of SeaKem Gold Agarose 
Dissolve in 100 ml of 0.5 X TBE 
Heat in microwave until crystals fully dissolved, avoid boil over. 
Cool in 50°C water bath for 15 minutes before pouring 
Ethidium Bromide (10 mg/ml) CARCINOGEN 
Preparation: 
250 mg Ethidium Bromide 
Dilute to 25 ml with distilled water 
Store at 4°C 
Table 1.1: Occurrence of E.coli 0157:H? from animal (swab) and 
ti I bf f T env1ronmen a sampes 1y arms ram ennessee 
State/farm/ Sam12ling Total 
S ampletvDe I II Ill IV V VI 
Tennessee - Beef Cattle 
Date collected: 8-26-02 12-2-02 3-17-03 6-24-03 9-16-03 2-9-04
-Swab - + (3) - + (2) - - 5 
- Feed 1 (orass/ hay) - - - - - - -
- Feed 2 (grass/ hay) - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
- Bedding 1 (Feces) - + - - - - 1 
- Bedding 2 (Feces) - - - - - - -
Tennessee - Dairy
Date collected: 9-3-02 12-2-02 3-17-03 6-24-03 9-15-03 2-4-04 
-Swab + (1) - - - - - 1 
- Feed 1 (fresh) - - - - - - -
- Feed 2 (old) - - + - - - 1
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
- Bedding 1 (dry feces) - - - - - - -
- Bedding 2 (saw-dust) + - - - - - 1 
Tennessee - Chicken 
Date collected: 9-3-02 12-5-02 3-26-03 10-14-03 2-10-04 5-28-04
-Swab - - - - - - -
- Feed 1 (fresh) - - - - - + 1
- Feed 2 (old) - - - + - - 1 
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
- Litter 1 (droppings) - - - - - - -
- Litter 2 (droppings) - - - - - - -
Tennessee - Swine 
Date collected: 8-26-02 12-5-02 3-17-03 6-24-03 9-17-03 2-5-04
-Swab - - - + (1) - - 1 
- Feed 1 (fresh) - - - - - - -
- Feed 2 (old) - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
- Feces 1 - - - - - - -
- Feces 2 +*) - - - - - 1
Total 3 4 1 4 0 1 13 
*) Isolate was re-cultured m EEB and re-streaked on CT-SMAC, but no typical colony was found 
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Table 2.1: Occurrence of E. coli 0157:H7 from animal (swab) and 
t I I b f f Al b environmen a sampes iy arms rom a ama 
State/farm/ Sam12ling Total Sample tvoe I II m IV V VI 
Alabama - Beef Cattle
Date collected: 9-23-02 12-9-02 4-14-03 7-9-03 10-8-03 2-26-04
-Swab - - - + (1) - - 1 
- Feed 1 (grass) - - - - - - -
- Feed 2 (grass) - - - - - - -
- Pasture Soil 1 - - - - - - -
- Pasture Soil 2 - - - - - - -
- Bedding Soil 1 - - - - - - -
- Bedding Soil 2 - - - - - - -
Alabama - Dairy
Date collected: 9-23-02 12-10-02 4-16-03 7-10-03 10-9-03 2-26-04
-Swab - + (2) + (2) + (3) - - 7 
- Feed 1 (fresh silage) - - - - - - -
- Feed 2 (old silage) - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
- Bedding 1 (saw-dust) - - - - - - -
- Bedding 2 (saw-dust) - - - - - - -
Total 
0 2 2 4 0 0 8 
*) Isolate was re-cultured m EEB and re-streaked on CT-SMAC, but no typical colony was found 
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Table 3.1: Occurrence of E. coli 0157:H7 from animal (swab) and 
t I I b f f N rth C 1 · environmen a sampes 1y arms rom 0 aroma 
State/farm/ Sam12ling Total 
Sample type I II Ill IV V VI 
North Carolina - Chicken
Date collected: 12-17-02 5-14-03 7-14-03 10-8-03 2-26-04 5-13-04
-Swab - - + (1) - - - 1 
- Feed 1 (fresh) - - - - - - - '1 
-Feed 2 (old) - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
-Litter 1 (droppings) - - - - - - -
- Litter 2 (droppings) - - - - - - -
North Carolina - Swine 
Date collected: 12-16-02 4-16-03 7-10-03 10-8-03 2-26-04 5-12-04 
-Swab - - + (1) + (1) + (2) + (2) 6 
- Feed 1 (fresh) - - - - - - -
-Feed 2 (old) - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
-Feces 1 + + + + - - 4 
-Feces 2 - - + - - - 1 
I I 
North Carolina - Turkey 
Date collected: 12-16-02 4-16-03 7-10-03 10-8-03 2-26-04 5-12-04 
-Swab - - + (3) + (1) + (5) - 9
- Feed 1 (fresh) - - - - - - -
- Feed 2 (old) - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
-Litter 1 (old droppings) - - - - - - -
- Litter 2 (old droppings) - - - - - - -
Total 1 1 7 3 7 2 21 
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Table 4.1: Occurrence of E.coli 0157:H? from animal (swab) and 
ti I bf f Crf environmen a samp es 1y arms rom a I orma 
State/farm/ Sam�ling Total Sample type I II Ill IV V VI 
California - Beef Cattle
Date collected: 10-16-02 1-21-03 5-1-03 8-18-03 10-23-03 3-24-04
-Swab - - - + (1) + (3) - 4 
- Feed 1 (grass) - - - - - - -
- Feed 2 (grass) - - - - - - -
- Pasture Soil 1 - - - - - - -
- Pasture Soil 2 - - - - - - -
- Bedding Soil 1 - - - - - - -
- Bedding Soil 2 - - - - - - -
California - Dairy 
Date collected: 10-16-02 1-16-03 5-5-03 8-14-03 10-28-03 4-14-04
-Swab - + (4) - + (2) - + (1} 7 
- Feed 1 (TMR) - - - - - - -
- Feed 2 (TMR} - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - - -
- Bedding 1 (dry feces) - - - - - - -
- Bedding 2 (dry feces) - - - - - - -
California - Swine 
Date collected: 10-23-02 1-21-03 5-6-03 8-14-03 10- 30-03 4-19-04
-Swab + (1) + (3) +(1) + (1) + (4) - 10 
- Feed 1 (fresh) - - - - - - -
- Feed 2 (old) - - - - - - -
-Soil 1 - - - - - - -
-Soil 2 - - - - - -
- Feces 1 - + - - - + 2 
- Feces 2 - + - - + - 2 
Total 1 9 1 4 8 2 25 
*) Isolate was re- cultured m EEB and re-streaked on CT-SMAC, but no typical colony was found 
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Table 5.1: Occurrence of E. coli 0157:H? from animal (swab) and 
t I I b f f W h' t environmen a samp es 1y arms ram as mg on 
State/farm/ 
Sample tvoe 
Washington- Beef Cattle 
Date collected: 
-Swab
- Feed 1 (grass)
- Feed 2 (grass)
- Pasture Soil 1
- Pasture Soil 2 
- Bedding 1 (Feces)
- Bedding 2 (Feces)
Washington St.- Dairy 
Date collected: 
-Swab
- Feed 1 (fresh silage)
- Feed 2 (old silage)
- Pasture Soil 1
- Pasture Soil 2 
- Bedding 1 (dry feces) 




- Feed 1 (fresh)
- Feed 2 (old)
-Soil 1
-Soil 2 
- Litter 1 (droppings) 
- Litter 2 (droppings)
Washington St. - Swine
Date collected: 
-Swab
- Feed 1 (fresh)


























































2-20-03 5-28-03 9-3-03 
- - + (1)
- - + 





2-18-03 5-29-03 9-2-03 
+ (2) + (5) + (7)
- - + 










































































Carl Andrew Doane born November 30, 1979 and was raised in 
Strawberry Plains, TN. He was the middle child of three sons. In his teenage 
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America has to offer. He attended the University of Tennessee in the fall of 1998 
and received a Bachelors degree in Food Science and a minor in business in the 
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in Phoenix, AR. He received his Master of Science degree on November 18, 
2004. His overall goal was to contribute his experience and knowledge to help 
others. 
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